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ABSTRACT 

Designed for use in Pennsylvania secondary school 
science classes, this guide is intended to provide fundamental 
information in each of the various disciplines of the earth sciences* 
Some of the material contained in the guide is intended as background 
material for teachers. Five units are presented: The Earth, The 
Oceans, The Space Environment, The Atmosphere, and The Exploration of 
Space. The course is organized so that students proceed from the 
familiar, everyday world to the atmosphere and the space environment. 
Teaching geology in the fall takes advantage of weather conditions 
which permit field study. The purpose of the Earth and Space Science 
course is to encourage student behaviors which will be indicative of 
a broad understanding of man's physical environment of earth and 
space as well as an awareness of the consequences which could result 
from changes which man may effect. (PEB) 
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Preface 



This teaching guide is not intended as a course of study to be taken by the teacher and 
taught to students, but rather, as a true guide which places emphasis upon the basic funda- 
mentals in each of the various disciplines of the earth sciences. Some of the material in the 
guide is for the background information of the teacher and is not necessarily appropriate for 
secondary school students. 

The committee which produced the guide feels that the Earth and Space Science course 
has been, and should continue to be, a course for all students. Throughout the guide every 
attempt has been made to indicate the relevance to man of the material being studied. The con- 
tent of the course, however, must be adapted to the ability levels of the students if any sem- 
blance of interest in science is to be achieved. Nothing is ever gained by teaching a too rigorous 
course which is beyond the grasp of most students and then basing success on the fact that a 
high percentage of pupils are unable to pass the course. 

Experience has shown that the grade placement of the Earth and Space Science course 
need not be fixed at any particular level. Schools have successfully taught the course as a 
preparatory offering, laying the foundation for more advanced courses, and as a terminal science 
course for the general student. A number of schools also offer Earth and Space Science II as 
an advanced course in the junior or senior year. 

The order of the units may be varied at the discretion of the teacher; however, the sequence 
of the units in the guide is based upon the assumption that students should begin their study of 
the earth-space sciences with the familiar, everyday world which they see around them and 
then proceed to the less tangible areas of the atmosphere and the space environment. This pro- 
cedure also allows the teaching of geology in the fall, which is the most desirable time for field 
trips; Oceanography next, in the hope that this rapidly developing and important discipline will 
be included instead of omitted as is often the case when it is scheduled last; astronomy in the 
winter, when darkness comes early and the familiar winter constellations are in the night sky; 
meterology in the spring, at a time when weather patterns show a great variety of changing 
conditions; and the exploration of space last because of its interrelationships with ail the other 
earth sciences which have been previously taught. 

Recommendations as to the time to be spent on any one unit would be extremely difficult 
due to the variation in length of class periods, the number of cimes the class meets per week, 
the extent of laboratory exercises, the ability levels of different groups of students and the 
training and interests of the teachers. It is strongly recommended, however, that no single dis- 
cipline of the earth sciences be given a disproportionate share of time and that no discipline 
be omitted entirely. The quantity of material in the guide is such that only the most advanced 
classes will be able to proceed through all of it in a single school year. The teacher must exer- 
cise judgment as to what is essential with respect to the objectives of the course, for students 
of lesser ability. However, a portion of each of the units should be taught in each class. 

There has been no attempt to approach the comprehensiveness of the materials produced 
by the National Science Foundation funded science projects such as PSSC, CHEMS, CBA, 
BSCS and ESCP. It is hoped, however, that this guide will suggest some additional activities 
and approaches which will make it a useful additional reference for both teachers and students 
as they explore the realm of the earth sciences. 
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GENERAL PURPOSE OF THE COURSE 

The practical application of the basic concepts in the earth sciences is of vital importance 
to everyone if mankind is to continue to enjoy an environment which will sustain life on this 
planet. If man is to survive on earth, major problems such as air pollution, water pollution, 
thermal pollution, the disposal of industrial and human wastes, the proper handling of pesticides 
and wise conservation of natural resources must receive serious attention. All citizens must be 
aware of the necessity for directed scientific investigation of these problems if we are to solve, 
or alleviate, the conditions which, if permitted to continue, could mean the end of human life 
on the planet Earth, 

With the increased exploration of space, and the placing of men on the moon, it has become 
vitally important that all students know more about the earth on which they live and the realm 
of space toward which their lives will become increasingly oriented. 

The purpose of Earth and Space Science is tr bring about those student behaviors which 
will be indicative of a broad understanding of man's physical environment of both earth and 
space together with an awareness of the consequences which could result from changes which 
man may effect. 



THE SCOPE OF THE EARTH AND SPACE SCIENCES 

Obviously, Earth and Space Science as a distinct discipline does not exist. The specific sci- 
entific fields of geology, oceanography, astronomy, and meteorology all deal so closely with the 
immediate physical environment of man that they readily lend themselves to an interdisciplinary 
course of study on the secondary school level. An excellent example of the interdisciplinary rela- 
tionships would be the Hydrologic Cycle. Water from an ocean current (oceanography) is evap- 
orated into the atmosphere (meteorology). Blown over the land the moisture laden air con- 
denses, falls as rain, and in flowing in a stream to the sea, erodes the land (geology). 

The earth and space sciences also rely heavily upon basic concepts of physics, chemistry 
and biology. In replacing general science this course places new emphasis upon the principles 
of the basic sciences. For example, the ability to identify fossils requires a knowledge of biol- 
ogy, meteorology is primarily concerned with the physics of the atmosphere and oceanography 
involves much chemistry, physics and biology as \ve*'l as geology. In addition, the tremendous 
accomplishments of the space program show excellent interrelationships among all the scientific 
fields. 

Teachers are urged to stress the interdisciplinary nature of the eardi and space sciences to 
the best of their ability and to the degree that their students can understand these interactions. 
While student involvement is certainly recommended, caution is also suggested in regard to lab- 
oratory exercises that consume large amounts of time and have questionable educational 
outcomes. 

The posing of pertinent questions, and the ensuiiig class discussion, also involves the stu- 
dent and is an excellent teaching method. The guide contains many questions which can be 
used to start students thinking and moving toward greater understanding of concepts they are 
studying. The questions are designed to arouse student interest by creating a desire to know 
more about their environment, a.s well as to increase their powers of observation. 

As long as teachers must deal with wide range of student abilities the stimulation of interest 
is a prime concern. To achieve a degree of success the teacher may have to present a less 
quantitative, less complete, less integrated course. However, when a course is presented on too 
high a mathematical, conceptual or verbal level the interest of the .student is quickly killed. 



AnotlKT inipoi'Lint phase of ihv course is field trips to localities of i^eolopc interest, weather 
stations, observatories, planetaria and marine science ccMiters. Such trips are extremely vahuible 
in stiinulatinu and maintaining student interest in aildition to the experiences which result in 
greater understanding of a particular field of knowledge. 

INDIVIDUAL AIMS OF THE COURSE 

A. Teachers should insure that the basic principles of geology, oceanography, astronomy 
and meteorology are learned and the interrelationships of these fields understood. 

B. Students should l)(»c()me aware of the intellectual challenge, and the demand for trained 
persoimel, in various earth and space sciences. 

C. Students should be guided toward applications of the concepts and principles learned to 
the interpretation of environmental probleni;. .uid phenomena encountered in daily life. 

D. Teachers should encourage students to go beyond memorized descriptions of phenom- 
ena and to probe for explanations, 

E. Students should develop a general understanding of the vital economic and deep esthetic 
significance of their physical environment together with an attitude of responsibility for 
natiiral resource utilization and wise use of land. 

F. Students should have the opportunity to work individually upon a problem which will 

give them experience in the utilization of the scientific method of problem solving. 

G. Students should be made to realize that science is not a stiiiic body of knowledge, but 
is constantly changing as new facts are discovered. 

APPROACH 

The guide treats the areas of Earth and Space Science by beginning with the obvious and 
seeking answers through a series of pertinent questions. Emphasis is placed upon the relevance 
to man of the material being taught. This new format might be referred to as a "Man-Nature- 
Problem Solving" relationship. The observable phenomcMia and recognizable problems which 
confront man in his physical environment form the initial introduction and impart interest to the 
development of various topics throughout the guide. The student thus approaches this study at 
his or her own intellectual level of interest. The ability of the student should, in par^ determine 
the degree and c'eoth of refinement the teacher attempts to achieve in dealing with any particu- 
lar topic. 

When any new course is initiated, a phase of the development must include, on the part of 
the teacher, a review of the scope of the disciplines involved in order to decide what objectives 
should be developed and what useful information should be learned by the student. Once this is 
determined the most effective teaching methods must be Jecided upon. Tliis guide is intended 
as an aid for teachers in the carrying out or the above processes. 



The Earth 



ERIC 



BEST COPY AVAILABLE 



INTRODUCTION 

The importance of other earth science fields and 
their interdisciplinary nature can be illustrated in 
many ways, one of which is weathering. This process 
not only involves geology with the parent material, 
but' meteorology with the mechanisms of climate 
change and eheniislry with the molecular changes 
that result in soil genesis. 

Geology's importance to mankind is often over- 
looked in the teaching of this course, but it is so ob- 
vious and necessary that it should be brought to the 
students* attention whenever practical. How land- 
forms and rivers often dictate transportation routes, 
how cities develop at junctions of these routes and 
near mineral resources, and how these mineral re- 
sources themselves affect man's daily life should be 
emphasized. 

FIELDS OF STUDENT INVESTIGATION 

The Landscape 
Rocks and Minerals 
Weathering 
Mass Wasting 

The Work of Ground Water 

The Work of Streams 

The Work of Glaciers 

Structure of the Earth 

The Geologic History of the Earth 

Environmental Geology and Man 

THE LANDSCAPE 

It is possible to introduce students to geology in a 
number of different ways. Because the landscape and 
the landforms comprising it are the part of the earth 
most familiar to students, we suggest that the teacher 
use the different landforms students can see around 
them as the vehicle for introducing ihem to geology. 
The following sequence of questions about landforms 
leads from a description of what the student sees to 
a consideration of the geologic reasons for the differ- 
ence between them. In this one example, many of the 
fields of geology are introduced. 



Major Topics Explored 

Surface of the Earth 
Different Landforms 
Lanclform Characteristics 

Looking out the school room window or driving 
throii<>;h the country, what docs the surface of the 
earth look like? 

Answers pointing out the irregularity of the surface 
of the earth should be encouraged; also, the idea that 
these irregularities give rise to landforms. 

What diiTerent landforms have you seen locally or 
in travelling? 

Students should give the names of a number of 
landforms such as hill, valley, plain, plateau, moun- 
tain, beach, or sand dune (see Plate 1-1). Definitions 
should be asked for. Clarity and precision of observa- 
tion should be stressed as an important aspect of sci- 
ence. The location of different landforms should be 
emphasized. 




Piute 1.1 Brufsh Vnllcy in Centre County. Tj^iieal seene 
in the Valley and Ridge Physiographic Prov- 
inee. 
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How do landforms differ from one another? Are 
there different scales or magnitudes of landforms? 

Through these questions, a realization that there is 
a great variation in the size of landforms from moun- 
tain chains, plains and plateaus on the one hand to 
valleys (Plate 1-2), individual hills, floodplains (Plate 
1-3 or offshore bars on the other. The discussion 
should begin to move toward a consideration of the 
reasons for these differences. 




Plate 1.2 Folded mountains at Cowans Gap State Park, 
Fulton County. 




Plate 1,3 AppaU' in Plateau, Clearfield County, along Interstate 80. 



Why do landfornis differ from one another? Why 
is the surface of the earth not monotonously the 
same everywhere? 

Since the answer to these questions is geological, 
the questions should lead directly to a consideration 
of the different fields of geology. Differences in the 
iandfoniKS are due to differences in: 

a. Rock type— Mineralogy and Petrology 

b. Active geological processes— Weathering, Mass 
Wasting, etc. 

e. Rock structure— Structural Geology, Tectonics 

d. Time— Historical Ceology 

References, Films, Filmstrips 

Cotton, C A. ( 1969), Volcanoes As Landscape Forms, 
Ilafner, 416 p. 

Davies, J, L. (1969), Landfonns of Cold Climates, 
\MT. Press, 200 p. 

Easterhrook, D. J, (1969), Principles of GeomorphoU 
ogtj, McGraw-Hill, 462 p. 

ESCP, \itereo Atlas (1968), Hubbard Scientific Co,, 
Northbrook, 111. 

Shinier, J, A. (1959), This Sculptured Earth-The 
Landscape of America, Columbia Univ. Press, N. Y. 
10027, 

Strandberg, Carl H. (1967), Aerial Discovery Man- 
ual, John Wiley and Sons, Inc, N, Y, 

Scovel, James L. and others (1965), Atlas of Land- 
fonns, John Wiley and Sons, Inc. 

Tuttle, Sherwood D. (1970), Land forms and Land- 
scapes, Win, C. Fkown Pub., 136 p, 

Upton, William B. Jr. (1970), Landforms and Topo- 
graphic Maps, /ohn Wiley & Sons, Inv., 148 p, 

Wanless, Harold (1969), Aerial Stereo, Dept. Geol- 
ogy, Univ, of Illinois, 

Life Filmstrips, The Face of The Land, #203 "The 
World We Live In" Series, Life Education Pro- 
gram, Box 834, Radio City P, O., N, Y,, N, Y. 



ROCKS AND MINERALS 

Rocks and minerals are the building blocks of which 
the earth is construuted. The treatment of rocks and 
minerals in this section is in keeping with the treat- 
ment of the guide by beginning with the obvious and 
seeking answers through questions. 
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Major Topics Explored 

Rocks 
Resistance 
Composition 
Texture 

Methods of Formation 
Minerals 
Properties 
Structure 
Benefits to Man 

Why do rocks vary in resistance? 

Every student either consciously or unconsciously 
has noticed that there are high places such as hills 
and mountains and low places such as valleys. A dis- 
cussion based on this idea of uneven topography may 
he a way of drawing the student's awareness to the 
differences in the resistances of rock in particular, 
and to the differences in rock in general. 

If the teacher wishes she or he may start with the 
following question: 

Can you name some building material derived 
from rocks? 

This introduction might be most appropriate in 
urban schools where die students are more familiar 
with buildings and their materials than they are widi 
a scenic landscape. A class discussion on building 
materials will uirUoubtedly bring forth some of the 
following materials with their sources: 

brick— clay and/or shale 

glass— quartz sandstone (Plate 1.4) 

cement— limestone 

plaster— gypsum 

steel— iron ore 




Plate 1.4 lligh-silica sandstone being quarried for glass 
sand near Mt. Union, Huntingdon County. 
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building stones— limestone, granite, marble, quartz- 
ite (Plate L5) 




Plate 1.5 Quartzite quarried for building stone at Avon- 
dale, Chester County* 

The list can become lengthy and you may have to 
limit the discussion. It may be advisable to direct 
the discussion toward such materials as bricks and 
glass that are produced from silicates, as a lengthy 
treatment of the silicates is given in this section. 

How do rocks differ? 

There are numerous ways in which rocks differ 
from each other, and the way or ways in which the 
rocks in your particular locale vary would be a logi- 
cal way to begin the study. 

This might be a good time to conduct a field trip 
in which the students may collect local rocks to ex- 
amine in the classroom. If a field trip is impractical, 
you might collect samples of local rock for the stu- 
dents to examine. 

Hand lenses (3x to lOx) or low power microscopes 
(5x to 20x) would be beneficial for the students to 
examine the specimens. Through their own discovery, 
or through class discussion, the students should rec- 
ognize differences such as color and texture. 

Arc all rocks formed in the same manner? 

Either by independent study or class discussion the 
students should conclude that rocks are formed in 
different ways. The student should he made aware of 
the three mctho Is of formation. The methods of for- 
mation along with representative rocks which the stu- 
dents might examine are as follows: 
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1. Sedimentary-formed from accumulations of 
sediments, both elastic and chemical 

a. elastics: conglomerate, breccia, shale, sand- 
stone, siltstone (Plate 1.6) 

b. precipitales and evaporates: limestone, hal- 
ite and gypsum 

e. organic: coquina and coal (peat, lignite, 
bituminous ) 

Film: EBF-AGI 16 mm. Rocks that form 
on the eartKs surface 



Igneous— formed from the cooling of a magma 
(melted rock). 

a. small crystal: rhyolite, trachyte, andesite 
and basalt 

b. large crystal: granite, syenite, diorite and 
gabbro 

c. combination of small and large crystals: any 
of the porphyrys 

In addition to the above, samples of vesicular 
basalt, obsidian, tuff, scoria and pumice would 
help broaden the scope of discussion on the ori- 
gin of these rocks. 




Piute 1.6 Kr<! con^lonierute oxponed in northeast eomer 
of Frriioh Creek State Park, Chester County. 



3. Mclaniorpliif— foniieJ from the heat and pres- 
sure that results from tliastrophism and vol- 
tauism, without nifUiiig. 

a. banded: any gneiss (Plate 1.7) 

b. layer-like: any schist or phylHte (Plate L8) 




Plate 1.7 Gneiss quurncd at Glen Mills, Delaware 
County. 




Plate 1*8 Schist in road rut along 1-83, York County. 

c. uniform: quart/ite and marble 

d. plate-like: slate 

e. organic: anthracite coal 

Film: EBF-AGl 16 mm. Rocks that form 
underground 



A suggested method to in trod nee students into 
kinds of rocks would be to give the students a group 
of random rocks labeled with letters or numbers for 
ease in discussion. The students should then decide 
two things. One, what criteria should be used to sepa- 
rate them and two, which rock formed in a similar 
manner? 

SUGGESTION: Another exercise in showing the 
relationship between rate of cooling and crystal size 
in igneous rocks is as follows: 

Have the students place a small quantity of salol 
(phenyl salicylate) in a watch glass or other small 
container and heat the salol until it just melts. The 
student should then remove the container and let it 
cool at room temperature. In a few minutes crystals 
should be seen forming, if not, add a crystal or two of 
salol to tlu» melt to start the action. After the first melt 
has crystallized, have the student remelt it as before 
only hasten the cooling by placing the container on 
ice water. The crystals from the first melt should be 
much larger than those from the second melt. This 
procedure can also be carried out in a Petrie dish on 
the stage of an overhead projector. 

Are all rocks derived from the same materials? 

When the students detect particles within the rocks 
that have different colors, sizes and shapes, it is hoped 
that they will conclude that these different appearing 
particles are composed of different materials. It 
should also be emphasized that composition is one 
of two main methods for classifying rocks. 

How do these materials (minerals) differ from 
each other? 

The learning of mineral properties may be accom- 
plished by either having the students learn the prop- 
erties from a text and then applying them to mineral 
samples, or by having the students study an assort- 
ment of minerals exhibiting numerous properties and 
identifying these properties for themselves, followed 
by class discussion to tie the loose ends together, For 
the identification of some of the common minerals 
through their properties, see the identification key on 
the following pages. 

What producer different properties in minerals? 

The students should not find it difficult to under- 
stand how chemical composition (different elements) 
can produce different properties in minerals. Molecu- 
lar structure (how atoms fit together), however, may 
not be so obvious to them. The next four topics may 
be used, if desired, to help create an understanding 
of molecular structure. 
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Why use models? 

Here is an opportunity early in the course to de- 
velop an appreciation for the usefulness of models 
(Fig. 1.1). Here in particular, models help us to vis- 
ualize how atoms, that would otherwise be too small 
to see, fit together to form molecules. 




Figure 1.1 
Halite crystal mode]. 

Painting the spheres can be done simply by placing 
a number of spheres in an empty shoe box and spray- 
ing a light coat of paint onto the spheres. Next place 
the lid on the bo.\ and shake the contents. Remove 
the spheres for drying. 

Why are clifTerent size spheres necessary? 

Even though atoms are so small that they are mea- 
sured in angstrom units, students should not be left 
with the idea that atoms are all the same size, or that 
because they are so small that any difference in size is 
meaningless. It is primarily this difference in size that 
dictates how the atoms will pack together. 

Most minerals are silicates; what is a silicate? 

Before discussing this topic, it might be advisable 
to review the states of matter with the students. The 
students may find it difficult to comprehend how 
oxygen, which they normally think of as a gas and a 
vital part of the atmosphere, can make up 46.6 per 
cent of the weight and 93.8 per cent of the volume 
of tbe earth's crust. Most of the minerals of the earth 
are silicates which accounts for the large percentage 
of oxygen present in the crust. Silicates are a large 
group of minerals that contain silicon and oxygen 
along with other elements in a variety of combina- 
tions. For this reason the molecular structure of the 
silicates is presented next. 



How and why are silicates different from each 
other? 

This topic can be presented either by a demonstra- 
tion, in which you would have to proceed very slowly 
to insure student comprehension, or by permitting the 
students to work in groups of two or three. If 
sufficicMit time and materials are available the second 
method is reconmiended. Before beginning this 
e.xercisc, the students should have a general knowl- 
edge of atomic structure and that bonding forces 
which hold atoms together are determined by iTie 
charge (valence) of the atoms and the distance 
between them, which is dictated by the size of the 
atoms. In assembling the different silicate models 
it should be stressed that the availability of silic^on 
and oxygen will detennine the structure of the min- 
erals. As each model is made, it should be brought 
to the attention of the students that some ^noperties 
such as shape, cleavage and hardness are largely 
determined by the molecular structure. 

Probably the mo.st logical place to begin construct- 
ing silicate models is with the silicon- oxygen tetrahe- 
dron (Figure 1.2). This molecule is the least complex 
of the silicates and can be represented by the mineral 
olivine. This mineral is typical of minerals that form 
under conditions of abundant oxygen. The oxygen 
spheres should be from three to four times larger 
than the silicon spheres. Four of the oxygen (larger) 
spheres will fit together nicely to give an external 
form of a tetrahedron, as shown in the figure below. 
By squeezing a silicon (smaller) sphere into the 
center of the tetrahedron, between the atoms of oxy- 
gen, a silicon-oxygen tetrahedron is produced. Since 
the silicon atom has a +4 valence and each of the 
four oxygen atoms has a -2 valence, the tetrahedron as 
a whole will have a — i charge. This charge must be 
neutralized by cations that are available such as iron, 
magnesium, calcium, potassium, etc. The individual 
tetrahedron link together by sharing cations, and as 
a result this ^roup of silicaies usually exhiJ)its poor or 
no clcavAi^e, Because the oxygen atoms fit together so 
tightly in each tetrahedron, this group also tends to 
have rather hard tnitierals. 
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Fienirc 1.2 SiO^ Tetrahedron. 



If t^vo similar tetrahcdra are joined together In' 
removing one oxygen from one of the tetrahedron 
and each of the tetrahedrcm share one oxygen atom, 
as shown in Figure 1.3, it becomes apparent that less 
oxygen atoms are required to produce a structure of 
this type. This type of silicate may be produced if 
oxygen atoms become less plentiful than in the pre- 
vious type. This method of joining tetrahedra to- 
gether results in a smaller unsatisfied charge in the 
molecule, thereby requiring fewer cations. Atoms 
may link together indefinitely to form a zig-zag 
pattern. Molecules formed this way are called single 
chain silicates, of which the pyroxene group of min- 
erals is representative. 
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Figure 1.3 
Single ehatn stJicate. 



Two single chains can be joined together, by further 
sharing, to produce a double chain (Figure 1.4). 
Double chains result in increased sharing of oxygen 
atoms thereby requiring less of them. As was pointed 
out before, the cation requirement is also reduced. 

The mineral hornblende is typical of this group. 
Looking at the models of tfiese last two groups from 
each dimension gives a good impression of the crystal 
shapes and cleavage planes of these minerals. 




Fi^re 1.4 Single to double chain. 
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A lateral sharing of chains can b(» continued in 
two dimensions to produce sheets (Figure 1.5). No 
doubt many of the students will be familiar with the 
minerals of this group, which are the micas (Plate 
1.9.). The untismd cleavage of the micas should be 
easily understood from the sheetlike appearance of 
the model. These sheets are held together so poorly 
by potassium ions that the sheets can be peeled apart 
with a finger nail 




Figure 1.5 
Sheet. 




Plate 1.9 "Books" of muscovite; found near West Ches- 
ter, Chester County. 



Finally the point may be reached where all of the 
oxygen atoms are shared resulting in a stable mineral 
with no surplus charge to be satisfied with cations 
(Figure 1.6). In other words this mineral may be 
all silicon and oxygen. The cost representative min- 
eral from this group is quartz which because of its 
tight packing tends to be one of the most resistant 
minerals in nature (Plate 1-10). 




Figure 1.6 
Complete sharing. 

7 




Plate I.IO Quartz Crystals collected near White Haven^ 
Luzerne County. 

What relationship, if any, exists between the 
properties and molecular structure of minerals 
other than the silicates? 

The dependency upon structure of some important 
properties such as crystal shape, cleavage and hard- 
ness as shown by the siHcates, is also true for the 
other groups of minerals sueh as the sulfides, oxides, 
carbonates, sulfates, etc. Students should examine 
samples of halite, calcite, gypsum (selenitc), fluorite 
and galena. 

What benefits are clerivecl from the knowledge of 
rocks and minerals? 

If this unit were introduced as mentioned under the 
topic *'Name some building materials derived from 



the rocks of the earth," then a summation based on 
this earlier discussion would complete the unit. 

If any other method of introducing rocks and 
minerals has been used, it would be beneficial to 
enter into a discussion of the student's environment 
based on man's technology and use of cartli materials. 
In addition to the minerals mentioned, other materials 
such us berylium, gold, silver, manganese, selurium 
and less common elements should be brought to the 
students attention as they apply to space technology, 
communications, transportation and electronics. 
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GRAIN SIZE 


KIND OF FRAGMENTS 
USUALLY PRESENT 


NAME 


Course (fragments 
easily visible) 


Pebbles and boulders of hard, 
resistant rocks 


CONGLOMERATE 


Medium (separate 
grains visible) 


Quaitz usually dominant, may 
have much feldspar, mica, and 
other minerals. 


SANDSTONE 


Fine (separate ^;rains 
not visible) 


Chiefly clay minerals 


SHALE 


MINERAL 
COMPOSITION : 


CHEMICAL 
COMPOSITION 


NAME 


Calcite (separate 
grains not visible) 


Calcium Carbonate CaC03 


LIMESTONE 


ROCKS FORMED 
FROM 

ORGANIC MATTER 




COAL, LIMESTONE 
possibly some 
IRON ORE 


TABLE OF COMMON METAMORPHIC ROCKS 

TEXTURE MINERALS COMMONLY PRESENT NAME 


Medium -grained 
Uneven surfaces 
Grains visible 


Mica or Hornblende 
Oil art z 

Often Feldspar 


SCHIST 


Medium -to -course 

Grained 

Banded 

Grains easily visible 


Feldspar 
Quartz 

Mica or Hornblende 


GNEISS 




Medium -to -course 
grained 


Calcite 


MARBLE 


Medium grained 


Quartz 


QUARTZITE 
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TABLE OF COMMON IGNEOUS ROCKS 
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CHEMICAL 
COMPOSITION 


lion and Magnesium 
Silica High pj.^j^ 


COLOR 


Light-colored Minerals Dark-colored Minerals 
Predominate Predominate 


COURSE-GRAINED 
FINE 


GRAr>JITE j DIORITE \ GABBRO | PERODITITE 

RHYOLITE 1 ANDESITE ' BASALT* 1 (very rare) 
1 1 1 


MINERAL 
COMPOSITION 


^ 1 \ 



IDENTIFICATION KEY FOR COMMON MINERALS 



Nail will 
not scralcli. 
Scratches 
Klass (hard). 



NONMETALLIC 
DARK COLORED 



Nail will 
scratch. 
Docs not 
scratch 
glass (soft) 



Shows 
Cleavajjo or 
Parting 



No 

Cleavage 



Black; pale green streak, hiirdness, 5-6; AUGITE 
cleavage 2 surfaces almost at right angles (pyroxene) 



Black; pale green streak, hardness, 5-6; HORNBLENDE 
planes at about 60** and 120** cleavage 2 (amphibole) 



Light to dark gray; hardness 6; cleavage 
two directions almost at right angles. 
Sometimes shows striationa on cleavage 
faces 



PLAGIOCLASE 



Hexagonal (six-sided) crystals; hardness, CORUNDUM 
9: gray, browTi, or blue-gray color, (corundum) 



Red to red-brown; hardness^ 6.5-7,5; 
E(iuidimensional crystals 



GARNET 





Cleavage faces visible. Resinous to 

adamantine hister; yellow-brown, hardness SPHALERIT^C 
3.5-4; streak-white to pale yellow 


Shows 
Cleavage 


Brown to black; one perfect cleavage, 

thin elastic plates BIOTITE 




Dark green; one direction of good 

cleavage, flexible CHLORITE 








Yellow-V.own to dark brown, may be 

ahuost black: hardness, variable, streak* LIMONITE 

brown 


No 

Cleavage 


Red to red-brown streak; earthy 

appearance; red or silvery coior HEMATITE 




Hardness 5, liexagonal crystals with fused 

pyramid, vitreous luster green, brown, APATITE 

hlue-purple color 


Usually green or yellow green; mottled 

(spotted); dull luster; smooth to greasy 

fefl on smooth surfaces, ranges from SERPENTINE 

woody to asbestiform 





Black; octahedral crystals; strongly 
mnf(nctic; hardness, 6, black streak 


A/AGNETITE 




Lead-pencil black; smudges fingers; hard- 
ness, 1, one direction of cleavage 


GRAPHITE 




Brass yellow; hardness 3-6,5; cubic or 
octahedral crystals, black streak 


rVRITE 


Black, green-black, or 
dark green streak 


Greenish coppery-yellow, may be 
tarnished purple; hardness, 3.5-4; duller 
than pyrite. 



Italias =■ most diagnostic properties 



METALLIC 
LUSTEH 



N OX- 
METALLIC, 
LIGHT 
COLORED 



Vrllow, brown, or 
white strtMk 



Nail Nvill 
not scratch. 
Scratches 
«lass (hard) 



Has 

Cleavage 



So 

Clcav'.'igi; 



\ail will 
scratch. 

Docs not scratch 
ulass (soft) 



Shiny gray; very luMvy; cubic'clcavagc; 

hardness, 2.5; black streak (cr>'stals and) GALENA 

CopjH'r rulor and streak, tarnishes to 

iin vn; 11:3 high specific gravity, hackly NATIVE 

Iracture COPPKU 



W hite or flesh-colored; 2 cleavage planes 
at right angles; hardness, 6 



OUTHOCLASE 



Glassy luster; traiKsparenf to Iranshicent; 
hexagonal (6 sided) crystals; hardness, 
7: coiichoidal fracture. Commonly milk QUARIV^ 
w hite 



Glassy to sub-glassy luster; various shades 
(jf green and yellow; hardness, 6.5-7; 
>ngary texture 



OLIVINE 



\\'hito ta gray; amrhoidal fractures H:7 

l^lack variety called FLINT CHERT 



Green or pale bine, six-sided (hexagonal) 
witli flat termination, H:8 



BERYL 



Colorless to white; salty taste; iuhic 
crystals' and clcuvaffe 



HALITE 



White, yellow, colorless; hardness, 3; 

rluitnhcficdrtd clraidf^c; (3 directions, not CALCITE 

at 00" ); efTorvcsces with dilute HCL 

White to transparent; hardness, 2. Small 

pieces are flc\il)le. Some varieties may 

bo transparent, or fibrous with silky GYPSUM 

luster 



Green in wliite; sotipy feel; hardness of 1 TALC 

Colorless to light hiduze; transparent; 
in thin she**t.^ which art: very elastic; one 
direction of perfi'ct cleavage 



\\'!)ite, yellow, purple or gre<*n; acta- 
hedriil (8 sided) deainixc; hardness, 4 



MUSCOVITE 



FLUORITE 



Azurr blue; II:3JM. 
EIFervesccs with dilute acid 



AZURITE 



Bright green. 

F.fTervesces with dilute acid. H:3/2-4 



MALACHITE 



lt(dii s " most (ha gnostic properties 



WEATHERING 

Waithrriui: is an aiinit of landsrupc development. 
WvMwx'wvx is rcuardod as a passive a^eiit in that 
it di)t\s ni)t provide a nieans of transport to distant 
plaet'N. riu' weatluTinif proeesses ( nieelianical dis- 
inleuration and eheruii al deeoniposition ) aet eon- 
tinuDiisly on soils and hedroek that are elose to the 
surface of tht» earth. The student should beeonie 
taniih.ir w ith the nature and role of wealherint:. types 
()f weatherini:, and .speeial cases of weathering. 

]\lajor Topics Explored 

K\ idrnir ol WValhering 

Types ot Weathering— Nh-ehanica I Chemieal 
Soils 

Vi hat is the most eomiiion evidence of weathering 
you see around the school or home? 

The weathering proeesses may be thought of as 
the breakin:^ up of hard strong bedrock into smaller 
loose rocks or boulders ramming in si/e dcnvn through 
the many size grades to sand and silt and finally to 




Figure 1.7 
Rook breakup hy froi^t artion. 



the size of eheniit al ions. The formation of soil over 
a parent bedroek is an example of t\\l:. aspect of 
weathering. 

Weathering ma\' also involve tlu' eliange in el)em- 
iia! eoni position of some uu'nerals by the reaction 
of the mineral with aeids and W iter, The change 
often results in the formation of now minerals that 
will remain stable without further change. The stu- 
dents may mention rust forming on iron as an 
e.xaujple of this aspect of weathering. 

Whal are some physical processes lhal exerl 
mechanira! stresses upon roek lo break il? 

'J'liese processes arc the first breakdown of the 
bedroek into fragments. 

A. Frost Af7;on— Alternate freezing and melting 
of water in joint planes, bedding planes, folia- 
tion planes, and other openings in the rock 
constitute a strong mechanism of rock breakup 
liecause water expands when frozen approxi- 
mately m (Fig. L7 and Plate ITl). 




Plate 1.11 ^'Joiiit-Iiloek separation** of sandstone at 
Ilirkory Kun State Park in Carbon County. 
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B. Wcttinfi'dml-Dnjinff-Chy minerals often swell 
considerably when wet eansing many shales 
anil other rocks eontainin::; clay minerals to 
(lisinteurate. Some shales break up into tiny 
pencil-like fragments (see Plate 1.13). This 
process is called "slaking". Soil cracks and 
nmdcraeks are formed in soil by this process. 

Clay soils tend to expand or swell when wet 
and contract when dry. 



C. Vohiuic Expamioti— This is the process of rock 
break np or ruptnre when it is relieved of 
the confining press m-e of overlying rock ( Fig. 
l.«S j, l!i large (habase ([Marries in Pennsylvania 
the rock breaks loose in great slabs and sheets. 
Sometimes this happens with explosive force. 
Granite domes like the ones fonnd in Yoseniite 
National Park or Acadia National Park in 
Maine are excellent examples of rock sheeting. 
Forest fires also split rocks. 
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D. Tree or Root Wcr/gi^g— Roots exert pressure on 
the walls of cracks in soil or rock causing 
further break up (Plate i.4). 

These are all Mechanical processes of weathering. 




Plate 1.14 Tree root Hedging of diabase at French Creek 
State Pnrk, Chester County. 

Do yott 8ee any other results of weathering? 

There are the Chemical processes of weathering. 

A. Hydration— The chemical reaction of a mineral 
with water. One of the most common examples 
of this process in nature is the reaction of 
felclsp;irs with water. Feldspars in granite 
in the presence of water will decay causing 
the rock to weaken and eventually disintegrate 
into individual minerals. 

B. Oxidation— The chemical reaction of a mineral 
nqth ().\yg€*n. Ferromagnesian minerals in ig- 
neous and metamorphic rocks yield iron 
through the process of hydrolysis. The iron 
then combines with oxygen and water to 
produce the minerals hematite and limonite. 
The rusting of a nail is a common example of 
oxidation. 

C. CarJ)rmat ion—The chemical reaction of a min- 
eral with carbonic acid. Carbonic acid de- 
comiM)scs many minerals but its effect with 
the carbonic* rocks, limestone and dolo- 
mite, is most dramatic. Carbonic acid com- 
bines with calcitun carbonate to form a highly 
soluble salt, calcium bicarbonate. The calcium 
bicarbonate is tiien carried away in solution. 
Deep gronrul water c ircidation allows carbonic 
.icid to react with limestone or dolomite to 
produce a variety of features; caves, sinkholes, 
disappearing streams, etc. 



Lab Investigation.: Have students bring rock speci- 
mens to class, break them, discuss the diflFer- 
ence between the fresh inner surface of tlie 
rock and the weathered outer surface. Diabase 
usually shows this weathered zone exception- 
ally good. 

Films: The Face of the The Earth (EBF) 
Wearing Aivay of the Land (EBF) 



How deep are our soils? Does soil vary in 
thickness throttgho tit Pennsylvania ? 

Before answering tliese questions, a general dis- 
cussion of soil fomiation and soil profiles should take 
place. As the students become more familiar with 
the formation of soil from bedrock, the answers to 
these questions will become evident. 

An excellent approach to this topic would be to 
locate an excavation or stream-cut" bank where a 
typical soil profile exists. Show the students tlie four 
zones— Humus, Leached Zone, Subsoil (enriched) 
Zone, Weathered bedrock and the Unweathered hdd- 
rock ( parent material ) ~ or discuss whatever features 
are present and relate them to the typical profile 
(Figure 1.9). 



B i: 



c 

rn 



—7- D 



HUMUS 

ELUVIATED ZONE 

ILLUVIATED ZONE 

WEATHERED 
BEDROCK 

UNWEATHERED 

BEDROCK 
(PARENT MTERIAU 



Figrure 1.9 Typical Soil Profile. 



Have the students bring in some soil samples. Ex- 
amine these under a microscope. Ask them to distin- 
i^iiish the various components; hmnus, individual 
minerals, rock fragments, vegetation. 

Have ihe students describe the overall character- 
istics; of the samples and estimate where in the soil 
profile the sample came from. 
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What factors make soils different? 

A. The parent rock adds different minerals to the 
soil; i.c, a schist will develop an overlying soil 
that is high in the mineral niuscovite and/or 
biotote, a grnnite will impart excessive amounts 
of feldspar and quartz to a soil, a shale will 
develop a soil high in clay minerals and shale 
fragments, a sandstone will develop a soil that 
is high In quartz (sandy soil). 

B. Topography affects soil characteristics. Well- 
drained soils occurring on slopes will be differ- 
ent from those that occur on uplands or valleys. 

C. Climate ;i fleets the weathering of the parent 
rock and hence the formation of soils. Lime- 
stone in an arid climate weathers very little 
and the soil developed from limestone in an 
arid cliniiite is thin iiiul nlmost non-existent 
*\hereas n limestont.^ in a semi-hiunid or hinnid 
climate weathers extensively and a thick, clayey 
soil is developed. 

* D. Vegetation adds to the soil decay products. 
As the amount of vegetation available in- 
creases, the amount of organic matter in the 
soil also increases, making the soil quite differ- 
ent from one without this material. 

E. Time is a factor tliat is most important'. The 
formation of a thick, rich soil takes considerable 
geologic time. This concept can be discussed 
here at some length. 

The student should 'earn how the soil scientist 
classifies soils by the above factors. Any soil survey 
of Pennsylvania's counties will explain this classifica- 
tion and the soil groups present in our Common- 
wealth, The following soil surveys are available: 



County 


Date 


Adams 


1905 


.Armstrong . 


1939 


Bedford 


1913 


Berks 


1911 


Blair 


1917 


Bradford 


1913 


Bucks 


1946 


Cambria 


1917 


Cai bon 


. . 1962 


Centre 


1910 


Chester-Delaware 


1963 


Clarion 


1958 


Clearfield 


. . 1919 


Clinton 


1966 


Columbia 


1967 
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Crawford 1954 

Cumberland (Map) 1956 

Erie 1960 

Franklin 1938 

Fulton 1947 

Greene J 925 

Huntingdon . . 1944 

Indiana 1936 

Jefferson 1964 

Johnstown 1909 

Juniala (Map) . , 1954 

Lancaster 1959 

Lehigh 1963 

Lycoming . 1928 

Mercer 1919 

Montgomery 1987 

Montour-Northumberland 1942 

Northampton ... 1966 

Perry (Map) 1951 

Potter 1958 

Snyder (Map) 1957 

Tioga 1929 

Union 1946 

Venango 1966 

Washington 1966 

Wayne 1938 

York 1963 

The answer to the question— Doe5 soil vary in 
thickness- throughout Pe nmy I vania?— now becomes 
evident. As each factor discussed above varies, so 
would the soil vary. The climate, rock type and time 
are probably the most important factors affecting the 
depth of weathering. 
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MASS WASTAGE 

Although inosl shulcnts in IVniisylvania are aware 
of cTosiunal imonts like risers aiul vviiul transporting 
sc'ciiiucnts and tTdiling llif lanclsca[)e. few realize the 
iniportanet- of mass wastage— tlie clownslope move- 
nieiit of roek (lel)ris In* gravit\'-in leveling the earth's 
siirfaee, 

>fajor To[»ir!4 Explored 

Dowiislope Movement of Hc/ck Debris 
Slow 

Creep 
Fast 

Roek falls 
Slump 
LaMclslides 
Mass Wastage IMobleins 
Man's alterna lives 



Ask the elass if they eaii think of any examples of 
this proeess at work. 

Some may reeail seeing signs saying "Caution 
I'^illing Hoek*\ or noticed a slump of earth along a 
road eut or stream bank, They may have seen tilled 
fence posts on a steep slope or read about a recent' 
landslide, A gross example of mass wasting was the 
downiiill movement of parts of coastal California 
including bouses into the Pacific Ocean in early 1969, 

After discussing some of these examples, the teacher 
ma\' ask, how can these movements be separated 
into categories or can tiiese movements be separated 
into categories? 

Hopefully the answer "slow' and "fast" will emerge. 
Under slow downhill movements in the latitude of 
Pennsylvania, the principle proeess is creep (Plate 
1.15), This process accounts for the tilted fence 
posts, and slow downslope movement of stones in 
fields. 




IMatr 1.15 Clu^siml oxainpir of "rrrrir*; shale oulrrop at inlrrs^iiion of Trafrir Honles 2.H0 ami 72 in Laiir»!«t< r 
County. 
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Fast inoNiMm'iils inclmlo: tvrk falls lorniing talus 
piles at the loot of clill's ( PlaU* I.IG), slumps niKl 
hmdslidcs- wliitli iiia\- l)r intulllows iF tlu» moving 
material i.> pri'tlomiiianlly fine uraiued and iho iiiois- 
tmc tonlrnl iN liiiih (Plate 1.17). 

W hilt roiulitioiis Invor mass wiisUi*;o as a^aiii^t 
no douiilull niovciiHMit of >voatlH*r(Ml rork <lel>riH? 

Stee[) sl()[>es. a high moistnic content in the 
weatlieretl material, hetKliim planes tilted downliill 
beneath the rei^olith, and earth([nakes art' four favor- 
al)le la dors. 

W'iial emi In* doiic to liall this douiihill iiioveinent 
or oflVi* |M'ot<M*lioii a^uiinsl it? 

Aloni^ roads, the hiu;li\\ay department at some 
i)hRi's has hnilt retainint!; \v:dls, or planted vegetation 
whose roots stahili/e the soil on steep road cnts. 

C'lilis along high\\ a\ > are often ent hack or terraced 
so that falling rocks will not drop onto the roadbed. 
Hailroads creet ft-nees along tlie tracks in rock gorges 
which turn the signals red stopping trains, if the 
fence is h.roken b\' falling rocks or a landslide. 

In other ca.^cs, drain*igc pipes have been put in^o 
the moving mass to carry away the excess water, 
increasing the internal friction and S'Opping the move- 
ment. 

For students wanting to pursue the subject further, 
college geoiogy textbooks describe the great impor- 
tance of this process in the Arctic where* the frost 
action is more intense and permafrost (permanently 
frozen gro. :nd) untlerlies a thin thaw zone which in 
sunnner rci'dily moves downhill. In Pennsylvania, 
Blue Hocks near V. S. Honte 22 east of Hamburg 
and Ilickoiy Hun Houlder Field in Hickory Run 
State Hark (HIate 1.18). Carbon County, are examples 
of arctic h'atinvs of this f\ pe preserved from the 
time when tlie nortliern part of tlio state was being 
glaciaUnl. 
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Ce\'er. Man { Um). Uirkonj Ihm Sfafe Pdrk-Bouldcr 

held. Henna, (ieol. Survey, Park Guide #r, 
Ferrians. Oscar J. and others ( 1969^. Pertnafrost and 

llclafcd ljit^ii}ecriii<r Pmhlcms in Alaska, U. S. 

(»eologi(al Snrvc^y. Professional Paper 67S. 
Hewe. Tnn L. ( H)()9), The Pcrialarial Environment: 

Pa.st and Present. McGill University Press, 487 p. 
Voiivv, Jr.. \nr[ and John M. Moss (1968), On^m of 

the nine Ihwks l^loek Field and Adjacent Deposits, 

Berks Couuftf, Pa.. C. S. A. Bulletin, v. 79, p. 255- 

262. 

Zaruba. (h\u\o and N'ojtcch Menccl (1969), Land- 
slides and their Treatment, American Elsevier, 205 
P- 
O 
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IMair 1.16 

Korkfall along Interstate 80 in Columbia 
County. 




i 

IMaio 1.17 ( 
Lan<lsli<lo along Route 322 in Lebanon County. 




H.air 1.18 

Hickory Run BouMer Field, Carbon County. 
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THE WORK OF GROUND ATER 

Did you t'Vrr look at a vrvck flowing along on a 
fine sunny iLi\ and wonder wluTi' tin* water comes 
from? Yon may answer that tliis water eanie from 
rain, l)nl when* lias it been all the time since the last 
rain? 

This water has been in the gronnd. It is tlnis 
necessary for the stndent to know how it got in tlie 
ground, how it moM'S from where it entered the 
ground to tlu* place wluM'e it gels into the stream, 
how long it lakes to travel from one place to another, 
and what landforms are tlie result of moving ground 
water, 

Major Topics Explored 

liifiltration and Runoff 
Movement in Soil— Capillarity 
Gravity 

A( pi ifer— Depth 

Water Table— Zone of Saturation 

(iround Water Movement 

Ground Water Quantity- Porosity 

Permeability 
Specific Yield 

Artesian Water 

Ground-Water Ouality-Effeets of Different Chem- 
ical Elements 
Origin 

Solution Features 
Dcpositional Fe..tiires 
Man's Search for Water 
Water in the I'uture 

Whal irt ail aqiiiJer? 

When water strikes the ground, part of it sinks 
into tile soil and [)art runs off the surface. The 
process of water sinking into the soil and rock is 
called infiUratwH, By taking this word, infiltration, 
apart we find that "filt" is simiku' to the word *Tilter" 
and lliat "in" means "into" or, in other words, the 
process is one of passing into. In tbis eas(% water 
passes into the rocks (Figure 1,10), 




Q Figure 1,10 Prf'('ipitiitioii-Hiinofr*lnnitrntion. 
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'Hie niovement of water widiin the rock involves 
two forces: rapilldritij ami <ir(ivih/. Both of these 
forces move water downward. Capillarity moves 
water downward into dr\' soil below the w(.^tter 
portion, where the soil ptirticles are very fine. How- 
ever, where these pai tieles are coarse, [)erhaps pebbles 
or large sand grains, water tends to mov(^ downward 
more or less I'reely through the spaces around the 
grains b\- gravity. The larger tlie spac(\s the more 
rapidh- the water can move. 

An [Up lifer is an underground zone or lay(^r which 
is a relati\'ely good source of water. An acpiifer may 
be an underground zone of gravel and sand, a 
formation of sandstone, a zone of highly fractured 
rock, or a formation of cavernous limestone?. 

How deep will water «xo? 

Water moves underground tlirougli pores, holes, 
and cracks which are often found in surface rocks. 
Many of these openings are the result of weathering 
of the rocks. 

These cracks, seams, and minute spaces bet^veen 
particles of weathered rock become fewer and fewer 
as we go deeper in the earth. At varying depths, 
de))ending on rock types, these Ojienings are no longer 
IM'esent excciit infrecpK'ntly, and the niovement of 
ground water does not exist, 

C» round water may also occur at grcuit' depth in 
natural pore spaces between the grains of the rock 
itself, A eominon e\anipl(» of rock with natural pore 
spae(» is sandstone. Porous rocks, through folding 
and otlii'r luountaiu building forces during geologic 
time, ma\' occur iiian\' thousands of feet deep, but 
underneath tliese acp lifers everywhere at some depth 
is rock that is impervious and watertigiit, 

I IIE W ATKR TABLE 
Wlial tH il? Where is it? 

l^aiii falls on the surface of the ground and wets 
the soil and rock materials to varying depths depend- 
ing upon the diuation of precipitation. Somewhere 
at deptb is an imjiervious base. Above this impervious 
base free water collects, and the top of this zone of 
free water (zone of saturation) is the water tabic 
(Figure 1,11), Do lal)ora(ory experiment on "Rela- 
tionship of water table to unsaturated soil". 

When the water table is high enough to emerge 
as a free water surface in a stream channel, the 
water in the channel flows. 

In a humid climate there is enougii precipitation 
to raise tbe water table high enough for even the 




Fijcui'c I.I I II;* !»ot!ii>tir:iI rross portion showing the "zone 
of s;itiiratH>ii^^ ami "water table". 



sin. ill riviilrts .nitl iifcks to run wattT iniicli ot the 
year. In a di> i linialc. however, tlit- small cluumcls 
aic dry iM-twcrn r<iins and onl) llu' lari^t* dt'cply cut 
river eliannels carry water tliL' \tar aroniul. 

CKOIM) WATKK MOVKMKNT 

DiM's «:rotin<l ualrr movr? 

1 111- water tal)!e is soI<lf>ni completely Hat and 
liori/onlal it is an nndulaiiiiL: snrlaee. The /onc^ 
t'i s itnratjon is ( initiniions and has water in it tliat 
I'. {. onsl.iiil ly nin\in-4 Irom the hiuh phices toward 
the Iowt■^t ])1 ui". Wdfcr nndfi'j^nniml //f)fr.v (loictiliill 
I ^^*e I'iLiiiii' l.lo' in th<- (hreetion wliieh represents 
th<" st(■^'pl■^^ slopi- ul tile water snrlaee, 

\! (oy stiii.iie streams continue to llow" even ihnin'j; 
lonu pt iinds oi dry weathei". Von will note, however, 
(hat the stre.tni -ji-ls lower and lower as water in the 
•j.!iinnd is '_ir ;dnall> drained aw av and the water 
t.il)i<- appiM.iihrs a 11. 'f snrlaee. 

Snrlare -.Ipmiiis ari' c losejv related to Water in the 
•^roond. 'Hii- water iiiNoIvcd in both is the same, 
iind they hoth have the same soin'ce, 

i o lind »»nt more about ei'onnd-water moveuK'nl 
\ isi* ;. oin' lo( .d library and ask about \'our State 
^ ie(t|n'4i( mI Si;r\"ey ( Jro!Uid-\\*atcr reports. Talk to 
a loial ueoio^ist and loea! well drillers to find out 
.ihoul Liroimd-w atcr eonditions in yom' area. I.al>- 
or^itury cxju-rinM-nt on "Alovement ol C^round Water" 
.\ also iieommeuiled. 

llow iiiiirli Hiitc*!' ran lie (ihtaiiiod t'roiu tlio 

^wal<r table ean be found anywhere at some 
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depth undcM'^ronnd, but it cannot tell us liotc much 
water can be obtained from the underground reser- 
voir. 




Figure 1.12 Ground water flow«( flowiihill. 
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LABORATORY EXPERIMENT 



LABOR ATORV EXPERniENT 



Rolatioii!4!ii|i of waU'r taliir to iiiisutiirat<Ml iitoil 

Fill any Iraiisp.ucnt coiil^iiiu'i' with saiul, Slovvl)- 
pour wali'v into ihv conlaincr and ohscrw the water 
Ihmmi^ ahsorhcil in the sand, scepinii th>wn throuiih 
the spaces between sand lirains until it eomes to 
the watertight or impervions bottom of tbe container, 
(A blue colorinii added to the water will help the 
students see the desired ellVcts. ) The sand becomes 
tlioroui^ldy moist before any free water collects at 
the bottom. As more water is introduced, a water 
surlace rises until it reaches the suiface of the sand. 

At a point in time when the bottom half of tbe 
Siind is saturated, the student can find the level of 
the free n ater sin I ace 1)\' puncbin!4 a trend i leross 
the sand with his finder. This tri'nch will tiun out 
to be partly filled with water, and the water level in 
the trench will be the same as tbe level of tbe free 
water surface throughout the sand. This level, or 
surface, is called the water tabic. 




TOP OF SATURATED ZONE 



WATER TABLE 




SAND, NOT SATURATED 



H('l:ition«»liip of uatcr talilc In iiii«aturatrd soil. 



Mo>riiieiit of ^roiiiul water 

('.round Walter is the w.iter that completely fills thv 
poll' spaces and other t)peninns in soils and rocks 
beneath the surfaei' of the earth. Replenished by 
rain aiul meltimi; snow, it furnishes the flow in streams 
in dr\ -weadicr ami is the j)erenni<il source of supply 
to siirintis and wells. 

(iround water moves throuuh the ground from areas 
of rechari^e to are<is of discbarl^e. Knowledge of tbe 
rate at which it moves is important to those interested 
in dcN'elopinii water supplies from wells. The rate 
of movement N i^overnetl by the hydraulic i^radient 
or slope of the water table and 1)\- the permeability 
or capacity of the rock materials to transmit water. 
The perme<d)ility v<u'ies with the size and intercon- 
nection of pore spaces or openings in the water- 
biMriiiu mati'rial. beinu higher for gravel than for 
sand or silt. 

Thv relative permeability of different earth ma- 
terials can be demonstrated with the apparatus 
illustrated in Figure L14, by separating sand into 
its grade sized with a set of sieves. 




h 



Fijriirr 1.14 

ftrhitivr pcriiiraliilitv of (lifTcront rartli niatf*- 
riaU an<l tin* iiio\rnirnt (if watrr through each. 
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\(irr [\\c KiNiMS (»r and satul hiW'c hern 

plait'd in the tonlaincr. fill the coiilaitu'r with watci- 
and i oijtiniir fo inlrodm c w ater ( li'cliai'^i' ) so that 
tlicH' is a cdntinnoiis oNnllow. This maintains a 
I'onslant j)i('ssnri' willn'n the ronlaincr. Mcasnrc the 
vertical distaiui* (li) In'turrn tin- water snrface in 
till' two tnl)i's at tlir ^id^^ aitd mea.Mire the x'oliinir ol 
water disihar'^ed (O^ dnrin«4 a sju'eifie tiivie i!iter\'al 
( lr\- 1 or 2 MiinnlesV \e\l remove tlie sand »nul 
rejdaee it with a finer sand or silt and j'^ain nieasnre 
(O^ and (li) for llie sani(» tinu* interval. A coni- 
]iaris()ii of the (jnolients of Q/li will sliow tlie relatixf* 
]iernieal>lllly of thi- two inateiials. Co tliron^h tlie 
same process ?isiii<4 diflei-enl mixtniivs of silt and 
sand of various sizes. 

Tlie ]iore space. (laeks. and joints in the ffiek 
var\" i!i aitioinit ( nnmlier ) and si/e between dilferenl 
roek l\pes. If wi' drill into a loek that has a n^rcM 
ainoMiit »)f pore s)\i( e or n)an\' frai tines that are 
saturated with water, then lar^e anu)unts of water 
ma\' be availal)K' to the well. 

But if the roek has oid\' a small amount of pnrc 
space or \er\ few fiaetnres. a well may become tiry 
alter onI\' a small \olmne of watei has bc*on removed. 

'I*he (imoinit of pon- sjHirc fivail(iJ)fc is one (?f two 
princijial faetors whii li determine wliether one rock 
will be a U(M)d sourct' of w.tter for a well. Tin's first 
fat tor is called porosity. 

The seeutui factor uovernin<4 how a rock will act 
as a souree of w ater is calli cl )n r}urahil\t\f . This 
lavtor has tt* (h) with how readily ihe j^ores are able 
to transmit or allow the water to mo\'e. The pores 
must be lar'^f and c-ouuetted so the water can flow; 
this roik llieii h.is a hi'^h permcitbilit) . 

W lial is llir iiiraiiiii^ of arlrsiiin wiit(*r? 

(irouiui water under natural pressure is called 
artesian water. Not all artesian widls How abo\'e tbe 
siirfatc of the land. A well is an artesian one if its 
water rises above the atpiiler fr<)m which the water 
comes. l'*i'4M?"e I.Io shows a sandstone atjuifer cf)nn"n'^ 
out to the land siirfa( c at the top of a hill. Overkint^ 
tbis .Kpiifer and shown on the three sides of tlie 
bIo( k di i'4rani is a watertit^ht Ia\er of shale that 
lonhnes (lie water in the s.nidsloiK* arpiifer. The 
water in this sandstone is nnder prt'ssnre. If a well 
is drilled at point .\ or H, water woidd rise in the 
\.ell and nn'^ht flow out onto the surface. This - 
pends on the amount of pressure. 



AREA OF RECHARGE FOR SANDSTONE AQUIFER 
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AQUIFER SANDSTONE 



I'if^iirr I.I.^ A S:iii«{s|«)ii«> A«|iiif<>r iiii«ler nrU'sinn rondi- 

Is ixW ^roiiiHl watrr tin* sumo quality? 

It is the dissoh'cd chemical coniponnds called salts 
that i^ive water it.s taste and that made it either hard 
or soft. 

The chemical nature of water is important to man. 
We do not want the water we drink to taste salty or 
ol sulfur or iron, nor do we want it to taste like dis- 
tilled water. We also want 't to be soft enough to 
lather easil\-. 

The presence of calcimn and may;aesiuni com- 
ptjunds makes water hard because the aiJcium and 
nui^iicsititn combine with soap to form insoluble 
matter. 

Sodium is an element that causes trouble on irri- 
Uated farms, Sodiinn salts tend to make a soil sticky 
when wet iUid to form clods when dry. !t also afFects 
j)laul <4rowlh in some cases. 

Boron is one of several nn'neral constituents that is 
needed In very small amounts for plant jijrowth. In 
lari^e amoimts boron is j^oisonous to plants. 

Small amounts of fltiorinr in water tend to prevent 
cavities in children's teeth, but in excessive amounts 
it mottles and discolors the tooth enamel. 

Salts in natural waters may be harmful or bene- 
ficial, and so it is important to know^ the amount and 
kind of salts in our water supply and how they affect 
the use of water. 
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W'lial I'arlors afT<M*l ;:roiiii(i-Halrr qiiaiily? 
lIoH do llirso ^vi into our wairr? 

I^»iiiif;ill is iii'arl\- purr water. Wlicn r.iin strikes tlu' 
iiroiiml it toiiics in (.imlail nian\ kinds oi >nlnl>U' 
inatiTi<ils. liocks arr composed oi niinerals aiul <^i\t'n 
Ureat amounts <»f" tinw. muih of tlusi' nnncrals are tlis- 
solvi'd. 'Ilu* soKrnt aition of tlic water is intreasetl 
by the (.\ivhan dioxide ahsorheil from the air in llu' 
soil. Mantj chcniicdl cicnicnf.s arc then taken infa 
sohifiim Inj tl\r water nii>rinii, t\\ronil,h the roekw 

I Alum v r< > K \ FA r k k i m k \v 

W alor i|iiality and its rfTn*! on afpialir lifr 

Peril. ips yon li.ive wondered how ^piality of water 
alfeets the growth of \ei«;etal)le and animal h'fe ahoul 
ns. It i> known tluil a(piatie hie will remove the ions, 
that aie e>senti.il to its urov.tii, from sohilion. One 
interesting stnd\- is to observe tiie variations in elu-mi- 
tal composition of aqnatie plants ^rown in tlilferi'nt 
kind> ol water. 

It is not dilfienit to deternn'ne the appi'oxim.ite 
ehemie.d composition oi w.tter l)\' nsin^ an inexpen- 
sive le>lin'4 kit available ir(nM a ehenntal laboratorv' 
NoppK- house. Klen\enls siieh as eakinm, ma^nesinm, 
ihloride. sulfate, nitrate, iron, and h\'dro^en-ion con- 
eentr.itions ( pH ^ tan l)e deternnni'd reatlily. Ap- 
proximate .sodium and potassium eontent can br 
delermined b\ eakidaliu'i the ilifferenee between 
total tations (metals) and total anions (nonmetals). 
Water (onid be obtained from two or three soinees 
in \ ()ur .u'ea. sm h as your eity su[iply, a domestic' 
well, or from the \\ .iter snppK* of a nearby town. 
,\lter the ehemical content of water is determined, 
<i({natie plants, obtained from an a(ptarinm in a 
nearb\- ston- selling p<'t supplies, would be addod to 
tile water and allowed to i^row for a period of sev- 
eral weeks. The contaim rs. sneh as a lar^e Hsh bowl 
or acpiarimn. should be eovertul with sheet poly- 
eth\ leue to pn \ ent evaporation, .\fter |L^rowin^ for 
several weeks, in full sunlight during the day and 
artifieial li'-^ht at ni'^ht. samples of tlie a(piatie plants 
from each t\ pe of w ater would be dried, weighed, 
burned. an<l the ash dissoh-ed in water with the aid 
of a siilvent su< li as nitric acid. The ion concentra- 
tion of the ihenneal elements w<mld a^ain l)e ilc- 
termiued. These results when compared with the 
eheinical composition of the* original plant will re- 
veal the clFects of the different kinds of water used. 

Do llio plaiils i^liOH I'linnlrai roiiipoHil'soii that rr- 
Lilr lo i\w aiiioiinl.M or kindn of ioii.^ in the water 
in Hliirli iiu»y jrr«»w? 

The piiblictitions of the 1'. S. Geological Survey on 



llie <pialit\ of ri\'er waters <md public sn[)plies are 
,i\.u*ljblc lo \ou in \(iiu- St.tte Library. 

11 ia( ih*tie> h>r ; Iieiui< al .in.ib.ses ;ire ;i v.i il.ible. the 
stiulics u)uld b( expanded by addinii; 1 to 20 milli- 
Urauis pel* liter of w.iler of minor elements, sneh as 
boron, tobalt. or nick<'I. etc. This will determine the 
ability of the plants lo Use tlicNC chemical substances 
in liien* growth. 

Some loiks are more soluble tli.m other?;. Lime- 
^loue .lud dolomite arc \er\ sohible. and when they 
ire lAposed to the action ol moving water they dis- 
.md thus jre a source of calcium iind ma.une>inm 
iu the water. Solution of tliese carbonate rocks forms 
ia\-cs of which Incli.m Mcho .ind (a\stal (laves are 
cx.nuplc s of the tantastie shape <md si/e which may 
result from Nolnlinn. 

('an yon nainr sonir ^olnlion fVahirrs |irodiirfMi i>y 
uronnd walcr? 

I-'i^urc I.H> will help (o illustrate the fe.itnres. 

S////v- ' sink hole • .iu\ slight deprc-s>.if)n in th<' l.md 
^lu Ln ^■. espei i.illy one ll.iviu^ no oullc t ( >ce PLite 
I.i^ii; ouf of the hollows in a limestone rei^ion often 
( ounce li'd to .1 c avern or >ubleiraneau paNsaue so 
!li.it water rnnniui; into it is lost. 

Cfirr A n.itnral cavil\. rece>>. chamber, or series 
of c li.uubcrs jud galleries beneath the >uria:(' of the 
e.irth. 




SOLUTION CAVITIES SOLUTION ALONG 

ALONG JOINTS BEDDING PLANES 



lifXtirr Llfi <H'ii<'i'ali/.<'fl rni^^^ii <*rrtioii tliroiigh a liiiir- 

l)isaji}K'arin<:, Stream a siuface stream that disap- 
p^'ar^ underuround in a sink. ( Plate 1.20 and 1. 21 ) 

l'enns\ l\-.mia topour<iphic maps illnstratini^ solution 
leatures: 

Mechanic sburii T'j" map (sink holes) 
Carlisle 7'/' Uia)) \ sink belles ^ 
Fleetwood T'j" maj) ( disappearinji^ streams ) 
Norristown 7'i" map (sink holes, disappcarinji? 
streanis. **karst" topoi^raphy) 
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C!aii yon iiaino some ileposil tonal fiuiliireH pro- 
(IikmmI l>y s£roiiii4l water in a cavo? 

Sfal(i('tit('-A cowu a] deposit o! i\ikinin c'arl)(inal(\ 
Ut'iHT.tlK' caUilc (»r ara«4(ifiiU'. haiii^in^ trom tlu* rooi 
of a cave ( Plate \.'12), 

Stdlai^initc—a cakiuni earlxinale ridi^e risiin^ Iroiii 
a liiMtsl(UU' cave Hour, and lormed vv<iter charc^cd 
with calciiini carbon. il^' <lrij)pin'j; from the stalactites 
ahuvt\ Stalai^niitev and slalacole. often mecl atul 
tiK'H ft)rn» a calnntti from lloor to roof ( Plate 1.22). 

/•Y(»a s7oMr- -deposits ol ealciuni carbonate aeeuinn- 
latetl ai^aiiist the walls of limestone caves where water 
trickles from the rot k and runs over a section of the 
wall or other irrc'Znlaritics. Ilihhons. sliccfs. and cur- 
tdiihs are variations of llow^tblle i Plate 1.23). 

Hrlii titcs- are (lepositi()ns of calciinn carbonate 
that build out hori/oiilally on the walls of the cave, 
or on the sides of stalactid s and stalai^inites, They 
represent (K-posilion at the level of the water U\h\c. 
and hence formed when the water table was lii^lier 
than its present level. 




V\ittv 1.22 Stalartitro. flow^toiH*, ritibon^, roliimiiw and 
*ta!a;riintr*; Jnilian V.thtf (.'avi», Daiipliiri 




Plato 1 .2.S linliaii EvUn (!avr nrar lliiiiiiiii'l»l<iuii. 
Dauphin (^iiiiity 

w vh:k i> tiik fi u kk 

The demands on our i^ronnd-water snjipK aic be- 
coniinif critical in some areas of Penns\l\ania and 
the iialion. anti this trend will continne. Trban ex- 
I')ansi()n anti in(histries nsini^ larice (|n.ni(!(ies o| v. iter 
per eini')lo\<* will be disc(Jnra'j;ed iroin loiatin'j; in 
w.iler-poor areas thron^h bett<'r urban an<l industrial 
plannin'j;, One of the '^leate^l problems facing num 
in tlevclopiu'-i; future water supplies is the inereasini^ 
j'jollntion of uronud water. 

Wise use of our water resouiccs will hv cut < nn .(•4<'d 
and evcutualK will be le^islalt'd. \bich of Pcniisyl- 
\'ania*s suriatc water and sonu* of her uroun<l ^vatev 
is alrcad\" ctnifrolled b\- local and regional rc'^ulations, 
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THE WORK OF SIRKAMS 

I^ilii 'A.ittT lli.it (lots mdI rwij^DiMtc or soak into 
llic ^rniiud. roiiiliitu's witli llic '^nMiihl water llul 
(oincs to till' siirl.u-c in tlio loiiu of" spmiL^s. .nul diaiiis 
oil and llo\\»^ U) tlir S(M. S]Mip^s .uul Miiall livulcls 
joiii to form small stirani-.. Muall ^trcanis join 'o'ln 
lai'j:iT onrs nntil tlicv lorni rivers lliat How inro tli<' soa. 

S//V7////.V ///V jn'ohdhh/ ffir ///os7 itnjHirldnt simple 
(i'j,rnt in the nhulilu(ili(>n o/ hmd^t'dpc tlinui<Jiont 
tlir ttarld. Streams ar<' resjioiisi!)le lor lln' piekiiii^ np 
and carrvin'j; materials tlial will .ihrade aiid niodily 
the landseape as tlu'> are Iransporli'd to llic* sra. 
The) nia\ deposit .md re-transjioit materials nnmcr- 
iHis tinle^ dm inu their joMrney to the s( a. Tho shape 
ill the sh-e.ims is aHeeted by the type and strnetnre 
ol tlie rot 1 o\er which they il»)W. anil also hy the 
load wliii li tin y earrw 

Stream ^ Ivier^\ lUMpiiicnients 
Stream I r mspt)rt 

Deposition 

Abrasion 
Slreani |-\alnres 

Abraded Sticanis 

Fha^d IMjins 

\'-Shaped \ alle\s 

0\-I^ow Lakes 
Slrejni l*.itterns 

\Ie.ni lers 

1 )eiidj it ie 

'Irellis 
i^idial 
PeiiepLiilla! It Ml 

W li\ U it that OIK" stream may lir niraiidrrMi*;. 
UiivU ami forth ari*o-» its rhaiiiirl whiTra^ aiioWier 
-trraiii niltiim drrply iiitii a \anf'V.^ 

\!t\!!i'n.l Nitixiiij, pi)s>e>s( ^ i'iit i'_^\. ' i^ t!iis en- 
* r'j;\' b M Ol t!i (f i^ '_;;)iim tn d. '[ei ii lim ' tne a!>ili{\ n} 
I >M< ;m !u tr.Hi ! !!^ nMM i j,(i>. || the s*m am is 
ll-iu in'^ I ip; il\ tl p^^sl ss IN. Ml- Ivihi tii i iieiLTN 

and h( li. I !n v .ip.ibli- ol jnih'i n:i>re work. d;; ri b\ 
e,n'r\»!r.r. l.e :* ? po'i»!«^ a Iw^^y luia! l(Md. \s 

Ion.: a> 'hf t i\> v'Z\ o} sti( Mil) i . < un.d !o or i:t( ,iter 

than the elifl'ix l|e(es^.|l\ lo iii(>\( d.'e !( lad o| ihi 

^tre.^n: -he stiejm will In Jel.iti\i'K Irec oi iih'.tndei- 
lu'Z- ^ h\ die otlie:* iiaiid 1} (ho enoi '^x is ilisiilfil ieu( fo 
'! in>;)' »; ! }!i< :iM!< 1 iaU. di( n t'lf ^^n■,lm w ill be Im a ed 
to drop pji { nl its lo (d ( ai|siii'j[ the sin 'am tn inr mder 
iij)o!i its d. po-.i(r(l load with die imreas.d pi.ssibility 
o| flooding. 



W hy Is it that soiiir strraiiis jiossrss iiiort' riiiT^iy 
than others? 

rhere are two basic lactors that inlhience the 
aiiioinit ol em i^y a siream will possess. One is t'he 
\-oliiine. or rate of How. ol the water in the stream. A 
stream in which a lai^e amonnt ol water is flowini:; 
pasi a 'j;i\eii point in .1 'j;i\cn nnit ol time, will con- 
tain more (Mici 'zy than a small sire nn ha\ in<^ a trickle 
ol water. 

The oilier laelor is the slojie ol the stream. Tlu» 
stecpi'r the slope, the laster the water will move. 
Hence, the 'greater tlu' kinetic eneri;y the wattM" 
posscsscvs, 

rhe>e lactors e.ni easily be diseo\ered by (be stn- 
(h'lits or ileinonstrated by yoii in llu' classroom b\' 
nsiii'j; the lollow in'j; hiboratory investi'^ation or a moch'- 
fieation ol it. One other point should be kejit in mind 
when draAin'j; t onclnsions to this acti\ity. The sjUH'd 
ol' tbe water is i^oiirj; to be allected bv the cross- 
si'etioii.d shape ot streaii' bed. A stream with a 
small b.ed iind a U!\'<'n (pi intit\- (>l water confined 
within the bed is •^oiir.^ to be fortcd to flow more 
rajiidb. th.m tlu same \'ohime of w<iler that is flowing 
in .1 Lir'^c!" stream channel. 

il a strc.nn does not possess sufficient i'ner'.:y to 
mo\(' materials, the sti'cam will not be capable of 
iiittin'^ its cliainiel; instc.ul it will deposit or jii.st 
barelv lr.iiisp(.ri tbe load that it is carr\inif. How- 
ever, il llie mo\ iii'j; w.it'er jiossesscs cner".:\' al>()Ve that 
nece>^ar\ to nioM- the load, it will be cajiabK' ol im- 
p.ntiirj; some ol this eiie!'.^y to the l<:ad whiili will 
abrade the sides and btittom of tijc stream. This 
action may e.oise downeiidini^ and widcnini; ol llie 
channel. 

One n| the host pl.n cs lo see an cXtOnplc of this 
I nttiim at lif)n is in llie Ix-d o| a stream. The ontside 
bank ol thr ^tl<•al;l wi!! iisuah\ hi- fairly steep and 
'he dr I pr>l w.ili r \\ '\\^ be closest to this b.ink. The 
in Hi J" I i.itik ol t'l' ■ 1 M il I will l;e ^ontly slopiie^ .md 
p!''bab!\ (oiiJ.iP; iMd\ or line materials that the 
■.(reini i!v'pii>i'ed . M-e I'l^nie LIT). This as\nniH'tri- 
< .\\ \\\'-[\\'u\ o! Ut< i.ii ' e.ttih'j; tan In' des<.ribcd to 
\i'Wlon"s law ol nio^ Ml which stales that ".in object 
ill motion tends (o >ia-. ii; motion .iikI in .1 strait^lit 
lin<" iinlos at ted nprju by .e, o]ij)osinL: lorce' . When 
!hi .{ri ani liind>. ihe \'..i!. | iiiipar's (Mier'j;v to the 
onlside bank cansinLT. mosl of the erosion to be per- 
lormrd diere. The iniuM jxirJion ol the bank will pos- 
sess the least energy ainl hence dcpositioji will rcsnlt. 
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Fi^iirr LIT Hi'ihI in ;i slrrniii shoHinc (liffrmirrs in 
rlinniicl rrii«>«> «>rf*tif)n. 

I. A IM )R \1 ( >|{ ^ K\ l»K H I M K\l 

With tlic Use of ;i M'mi-circiihir «iiitt('r spDut or a 
strcjf!! fahli' with .( pit-cf of [ilastic hiid over a sliaiulil 
cliatitM'l loriiK'd ill tlir s.md. llic ^liidciit^ ciin dclcr- 
miiir the n l.itionsliip o| tin* vrlocitN" o| water to: 
1 ) the >tr(Mni and 2) the rate ol flow ol a slrrani. 
ricccN of ct»rk Ol oIIk r Miiall. li^lit o!i]C( K can Ik- 
floated down the Iron^ii and linicd over ti m(*a- 
sured (lislaiiee to delerinilie the sj')eed ol iIk' watei' 
( (listaiice -: - time speed ). 
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Vov the first relationsliip tlie rate ol flow of tlic 
water eiiterini^ tlie troimli must he k(.'pt constant and 
only the slope {aimie ol iWi) s)ioidd he eliani^ed. At 
li'ast two or tluee (hllereut slopes should he used to 
determine this relationship, 

*rhe iniliienee of rate ol (low to velocity can be de- 
terniined on the same tipparatiis i)y keejM'n^ the slope 
c(Mistant and eliani^inu; the rate of How for each of 
two or three sets of tritds. The easiest \va\ to control 
the rate of How Is to run a hose Iroin a faucet to tlu* 
apparatus. If a laiieet is not available, siphons can be 
Used from a bucket to the Iroiuih, The rate can be 
LOiit'roIled b\' the luiniber of sipbons in operation. 
Canfion: the water level in the l)uck(»t reservoir must 
he kept constant or the j^ressure affei tiiu^ the water 
thr(in<j;h tlie sijihons will vary. 

rhe teachei" should assure that tbe students can re- 
late the \-el(Kit\' of a stream to its kinetic eneri;\^ and 
heiiee. its ability to erode its banks or bed and to 
transport its load. 

In c-om]irehendiu^ tbe energy balance of a stream 
and its load, the sImj^cs of the stream valleys and the 
slreanis theinscb cs are better luuh'rstood. A stream 
that j)f)ssesses eiieri^y in excess of that necessary to 
carry its load, w ill be able to imjiart" this eiieriiy into 
the load itself so that the stream bed may be cut 
<lown. As the stream bed is cut down, the valle\ walls 
w ill be steepened. CIra\'it\ and mass waslim^ will fol- 
low, continuously feeding more material into the 
stream so that tlie material mav be picked up and 
carried fiuther down stream. This will result in rather 
steep \'-.shaped \ ;dle\s (see Fii^iire 1,IS,\ ). When the 
^raclient or s|f)j)e ol the stream is rcdncecl. i)je stream 
will not cut clown as fast as bef(U*e and ihr^ valley 
walls will slow ly diminish in steeimess. In some text- 
books, steep sided valleys are referred to as youni^ 
rivt r \*alle\'s. Cauticm should be e.\er( iscul a> these 
connotations only refer to l)u» \alle\*s jiresent active 
state and not to its e\-oIiitlouai'\' stau;e. 

As the strCiUn u;els ( loser to lb" sea, the slope of 
the stream beecjiues less and the load increases. The 
\alle\' walls will be coiisideiably wider and there may 
be a flootl jilain spreading o\'er tbe vallcN' Hoor (see 
[''iUiire 1.1 SC.* ). The Hood j)laiu is composed of sedi- 
ments that llie stieam d'-jiosiled durmu; hii^li water. 
As the stream ovcrllowed its banks, the velocity of 
the water on the bcUiks was suddenly icdueed result- 
iu'j; ill the depn>i(i()u of sediments. This is typieal of 
manv larue streams such as the Mississippi Hi\'er and 
all those li.iv iiii: a lari^e volume fluctuation diirinf^ the 
course of a >"ear. 




Fimiro I.IM Till. i-iuTsv l>:ilanrr of a •^irrani is rolaird 
\o tin* of ihi* ^irrijiii viilh'V, 

A lommon mist oik cption is tliat tlic u atcr docs 
most of the crudiii'-I. Achiiilly most of tlio ahnidini^ 
down i uttiii<4 ill a stream is doiu' load which 

the strtMDi is (\irr\iii<i. The in(h*\i(!nal particles arc 
constantly urindlun away at the stream ])vd. 

How far down a stream i an erode its hed is con- 
trolled 1)\ its hasc level. That is. the lowest le\'el to 
whi( li a stream c an cut its hed. 1 he tiltimate hase 
level is sj'a level, however ihei-e arc local hase le\-els 
such as resistant ridges ol rock tiittiiii^ across a 
>tre<on. Dams hiiilt hy mtin and animals Ciin pro- 
diuf local hase levels, which actnally halt downcnt- 
tin'4 aboxc (he point ol the ohslruction (see Fii^ure 
1.19 1. Ilnwcver. the rati- ni dowiK uttini; helow ;> 
local ha-.c level is nnalleited. Over an indefinite pe- 
riod of time, these loc.il hase levels will he destrfJV'cd 
hy tli<' (lownc fittin'j; heltAV fhcn: and weakeninu of the 
strm tore t ansini:; the upper ]{)cal hase level 
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Fij;urr 1,19 Loral and ultinialr bnse Ivvrls of surface 

How urv iiKilrriii)?* tr<itt.*!i|>ortei] in ii Hlrrjiin? 

Muterisds are transported basically in three ways, 
'I'he lari^est particles will he rolled and bonnced 
(sallated ) alonu the bottom, depending upon their 
size and the available encr^x' in the stream. Some 
materials will be small enoui!;h to be carried sus- 
pended in the water while certain otlier materials 
sneh as calcium carbonate, ^ypsnm and other soluble 
minerals, ma\ be carried as a dissolved load. The dis- 
solveil load must be deposited by chemical means 
whereas the di/position ol the suspended and bed load 
is dei'jositetl b\ loss of energy, 

'J'he eneri^v that a stream possesses will be redneed 
in proportitni to the amount of sediment' it is carrying, 
as some of the enerj^y will hv used in the transport 
of the load. 

Once a particle has entered a stream it is not neces- 
sary that this [')aiticle jnake ouo contimions journey to 
the sea. It is likel\- that it will be carried more freely 
(hninu periods of i^reater eneru;y (periods of j^reater 
How ) and l)c dropped at a time when the energy de- 
treases. A particle juay remain practieally stationary 
for a considerable leni^tb of time until the stream 
a<4ain acipiires sufficient eneri^y to pick it up and con- 
tinue its jomiicy lowartl the sea, This mav residt in 
a trip L(>nip()sed of many **uj)s and downs". 

\V'li«*r«' In the r^eiliiiieiU (load) of a 8 1 ream 
deposited? 

The ultimate aiea ol deposition in a stream is at 
its mf)!ith, II the body of waier info which the sedi- 
ment is beinu deposiU'd is relatively calm, a delta 
may )'esult simihir to that formed at the month of 
the Nile or Mississippi Hiver. However, if there is a 
emrent in the ret eivinu; bodv of water, sneh as a long 
shore current, the sediments will l)e constantly carried 
awa\ fiom the month of the streajn and niovcd along 
the shore. 'I*his is on(» of tlie inajor sources of sand 
along our beaches. 

A topographic featm'c siniilar to the delta and 
formed iit a similar wav is the alluvial fan, which is 
produ(C(l in arid regions l>y streams discharging their 
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load oil tile N alli'V sidi'S as tli('\' ( iiuTm' From adjacent 
nioiiiitaiiis. Tlu' water UeiirralK* spreads out and 
rNaporatrs in a relatiN'elv short peiiotl ol time allow- 
iuiS, the Nedimi'JiN to aec iiinidatt' U) loj jn laielik<' lea- 
tnres, Thev are fairK' common in platvs like Death 
NalU'V. 

\V hill is a Irvrr? What ari» naliiral It'vrrs'i' 

As a stri'am overflows its hanks, I'tU'r^y is sutldeuly 
redntcd jloii^ the hiUik and a part of its load is 
dropped (jniekK'. resiillini; in a natural wall or lovee 
l.u yond the hank. 

Sometimes Hoodint^ aeross jiieanders nia\- result in 
a meander hi*inu ent oil' ami the stieam may actually 
change its coiuse. When this happens the eiu-rt^y 
within till' mrauder is curtailed and deposition be- 
gins within the isolated scLTnjcnt. When these sc,*^- 
inents are LiirK' recent tlie\- still contain water and 
are calli'il ox-hnw laki-s. As time '^oes on tlicsi* lakes 
fill in. leaN'inti scars tliat are siill eN'idcnt in aerial 
[)hoto'4raj)hs. 

Do sirrarns rortii a pallrrn'^' 

It is p<is.sil)Ie to tell something ahont the structure 
of the nnderlyiiiif rocks from the pattern tliat the 
strt iun iIcNclop-i. As erosion take.> place the stream 
may i tit down into it^ bed. The stream shoidd cut into 
llu' Icns resistant rocks more rapidly than into tlie 
more roistartt rocks, fleun'. if there is more than 
one rotk tvpc present, the rocks will prohahh' liave 
var\inu resistances ami the slieams will cut into them 
with \ar\in'i deLrree> oi ra|)idit\. 

If the layers are sc'dimentar\- and liori/ont.il, the 
e\j;nsed laxcr will he hasieally of a homoueneons 
nature. In this instance []u: streauvs will iu)t cU'\'elop 
any particular orientation, instead the stream will 
llow in a random manner. 'l*he pattern jiroduced !)>■ 
sfreaius and tlieir tributaiies iiowin^ in tliis manner 
is called (lenchatic ^ sec Fiunre 1.20). 




rifSiirc 1.20 SliM«am pattern drvchiprd on MMliini*nlary, 
Iiori/oiital rocks. 



If tlwre are tilted sedimentary rocks or other layers 
of tilted sedimcMitary rocks or other huc^rs of tilted 
rock that would ha\'e xaryinij resistance's, the stream 
will dcNC'Iop in the least resistant layers prochieini^ 
valleys that are basically ]Xirallel to each other (see 
Figure L2I ). 1*Iie loni^ axis of the stream will parallel 
the rocks strata and the short' seujuients will cut across 
the more resistant layers prohahh' in /ones of weak- 
ness stich as major joint planc*s. A trellis pattern is 
developed. 




l-'i^iirr 1.21 Tn'llis Slroam pattrrii fI(*v<'lnpcH on tiltetl 
s<Mliiii4*nlary rorks of varying^ rpsinlance. 

A structmal dome (see Figure 1.22) will show itself 
readih' as the streams radiate outward From tlie cen- 
ter. Soujetimes the sti'eauis will follow a circular path 
as they cnct)miter less resistant strata in the dome. 




Figure 1.22 Stream pattorn ilrvrlopoil <iti a stnirtural 
(loine. 
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'riic joiiit slnulint' ol rocks can also iniliicncc a 
slrcani palliMit. Joints and laiills proiliicc weak zones 
in tlic rock alonu wliirli the streams (ctui to IdIIow. 
riic patli-rn may resemble llii- trellis as shown in I'iu- 
nri' 1.21. ir niori' than one set ol" joints arc present, 
(he anult"^ lormetl l)\- tlu' stream heiuls may resemble 
the anulcs inaili- b\- the joint si'ts. 

Llle Hi'prints ( im) K W tKcr PoUutwu: Ihc Hlv^hicd 
ilrcat Ldkiw laic h^ilncation IMouram. Box H'M, Ra- 
dio Caty \\ ()., \, Y,. N. Y. lOOU). 

MoriNawa, Marie ( 19f)S\ S/nv///j.s, Their nifudmics 
and Morplutlaaij, \I( ( irau -rfill K., Inc. 



Tin: WOKK OK GI.ACIKRS 

(Mai iers today, i-xcpt in hiuh latitndes and at high 
,dlitndeN. are of nn'iKU' importance in tlu* present-tlay 
shaping n| the i-arlli's toi)oura])h\', bnt those that ex- 
isleil tlnrinii; the Ice Auc (Pleistocene Epoch) left 
their nnprint npon millions ot s([nare miles of the 
earth's stn'laee and thonsands of s([uare miles of 
northern rennsylvania's sin'facc. 

About lOV of the earth s snrlace is covered by ice 
today, ffowever. dnrim; the [Mcistocene perhaps as 
nnich as ot)'/ of the earth was covered l)y ice and 
>n(tw, 

'Ihc rieistoec'iie l^^poch c-onsisted of at least fonr 
'^hiciiil ai^es separated by intcr<r|acial ages of mncli 
greater dnr.ition. In the I'nitcd States, each glacial 
perioil is named lor the state where deposits of that 
period were hrst stndied or where they are ])est ex- 
poseii: IrfMo oldest to vonngest: Nehraskan, Kansan, 
lllinoian, anil Wist onsin. 

Major I'opirs Kvpioird 

*I1ic ricistocene I'.'poch 
Kvidcnces |or (dacial Teriods 

'I opo«4raphic 

W eatlua ing 

Hadioi arbfjn D itinii; 

IiUerglaii.il (le\M»sits 

Other \fe(hods 
Worldwide Distribution of lee .md Snow 
Theorifs ol (Ihuiation 
I'^ormatiou .uid \fo'.( nient >\{ Ohu iers 
(ilaiiers in !\'nns\lvania 
l':il"ects oi (datialion I pon Man 
Importance of Cllauation Relative to Man 



I low iiuu'li lriii|MM'iiliiro rliaii^o won hi he re- 
quired to eauso leo sheets like the pleisloeene 
lo i'oria a^ani? (Noi more than 9°r or I i°F). 
Is liiere any reeor<l of siihslaiilial leiiiperaliire 
eiiaii<r(* (liiriii«x liie last eeiiliiry? 

^ es. Xccordinu to the V. S. Weatlu'r Hnrcan rec- 
ords, the temperature increased 2 V between IS8() 
and 1950, 

lion do >ve kiion |h(*re v.vre tour ^^flaeial a^es dur- 
iwil the pleisloeeiie'/ 

Some of the c\idence for distinguishing stages of 
ulaciation include the h)llowing criteria: 

1. To\}oi:ra\)l\ir /uh/r/Kr- Wisconsin glacial topog- 
raph\- is better defined and landforms possess 
beticr form tbvui to]-)ography resulting from 
older glacial aucs. The older deposits are more 
weatherech eroded, and niany forms sucl) us 
moraines are dilficnit to identify. Older de- 
l^osits are also mure patcliv and not as iiniff)rn] 
as the Wisconsin UKittaaal, 

2. Wcatltcnirj. rliCno))ic)ui--T]\i\'v methods of dis- 
tinguishing glacial ages b\' using weathering 
lihenomena include: 

a, comparing depths of leaching-~()lder deposits 
show greater leaching deptlis of soluble min- 
erals 

b, de]">th of oxidation- generally deeper in older 
deposits 

c, m{ire rotted boulder, cobbles, and gravel in 
oKler deposits 

3. Iliidioi'iirhDii D(i(in[i—ni organic material only 
applicable to later substage of the Wisconsin 

4. hUcrtrldcuil De/)o.s';7.s— Buried soils, peat, forests, 
loess, sautls. out wash, and lake deposits found 
bet^vecn two till deposits indicate multiple 
glaciation 

5. Other Methods— pMcu analvsis and pa Icon lo- 
louie cvidcMicc 

W hat areas of the earth are covered hy ivv and 
^ today'/ 

If we consult a world physical map or globe, we 
notice that snow and ice are (onud primarily on two 
eonliueuls, Antarctica and Cw*eerrkuKl, and lesser and 
more restricted amounts in the mountainous areas of 
nii»t continents (Alps. 1 1 iuial.iyas, etc,). From this 
then we miuht div ide our [n'esent day distribution of 
ulacier.s into two groups. namcK*, the continental 
glaciers or ice caps and the mountain or alpine type 
'j;hu icrs. The Art tic "Ice (>ap** is merely frtr/en sea 
water. 



ERIC 



2!) 



How dors irr in a ^iarioi- difTrr from ire on a imukI 
and inidrr wiiat conditions do (glaciers form? 

(^ilaiiiil is uVsulc Iroiii siidw thai has accniiiu- 
lali'il [\p U) more llian 100 frci thii'k, Is pafkod tii^ht. 
ihv air hctui'di tlir FaHcn snow flaktvs li.is been tv\- 
pt'llcd, ami has hciMi ri't-ryslalli/.t'd. Clacial ito lornis 
whi'M tlu" aiimial <\io\v fall I'Kci'otls sununcr infltiii^. 
l ansiii^ i:rt»at lliirkiicssi'S of snow tn acc umulate and 
1)1' translDinit'd into ice. 

Tlie stKnr line sfparaltvs tlu* y.aiw of porcMmial snow 
and ic'O from lower altitude roi^ions whore the snow 
melts oach year. 

\\ liat is tin* altitude of the snow line? 

It varies from sea level in the polar rei^ions to ap- 
proximately :^0.()()() feet hetweeii latitudes 20 and 30 
(arid regions) to aroinid 20,000 feet in the e(|uatorial 
/one { tremendous snowfall compensates for hij^her 
temperatures ). 

Note: At this point in the discussion it niii^lit 
he worthwhile to have stntlents plot on a v/orld 
outline map the distribution of ice and snow, 
the c limatic element^ ( jirec ipitation. tempera- 
tun*, wind and pressure [)atterus ). ctnd the pat- 
terns of oceanic circulation particularly in the 
ice cap rei^ions (Creculantl and Antarctica). 
After the patterns have been studied the cpics- 
tion mi^ht he asked: ^^'hy nrcnt lluftc ice and 
snou firUh in all sintilar (irra.s of Iwji latitude 
altiftidc? 

Thi' case ol' northern Canada Iicmu'j; devoid of 
L!;liiciers even though teniperatur(\s are cold 
eno\)^h can lead to a dise\jssion of moisture, 
one of tli(' priinar>' requirements for cjlaclation. 

\^ hat was tlie distriiuilion of ivi* and snow diirin<: 
the IMeistorene? 

I fere w(^ should he^in to delimit our analysis of 
ulaciatioii to North Am'TiCti, the I'lu'ted Sttites. and 
Pennsylvania (see l^'i^ures 1.2.>a;ul 1.24). Many ,<i;Ki- 
cial maps (wall size) arc a\ail able from most major 
map comjxuiies and sutaller desk maps can be found 
in atlases .md tcxibooks. l'*rom these sources students 
can plot the boundaries of Pleistocene i^laciation. A 
detailed ?n*ip of the L!;lacial de|)osits of \(jrth America 
is .ivailable. 

With ad(htional UMp study the students can deter- 
nune tlu» directions of ice irmvcnu'ot b\- mapping the 
end morain(*s and plotting the diifclion of rr|acial 
striae. I'YiHU thi> work the slndent can see that the 
centers of jrc chM not orit^inale in the hi^h. polar re- 



gions as niii^ht be expected, but did occur in the lati- 
tude of Hudson Hay (Laurentide Ice Sheet) and the 
mountainous rei^ion of western Canada Cordilleran 
(Ilacier Complex). When the magnitude of Pleis- 
tocene glaciation is fully realized, the teacher might 
ask the cpiestion: W hat pcmihly iVidd have caused 
(his '^rcai extent of ice over North America less than 
12J)(i() years a^o? 




Fipuro 1,24 Ahmis of I'rnnsylvanin oovorod by the 
HIiiioian aii<l Wisronsiii ice ndvancc8» 

Many hypotheses have been jiresented b\' geologists 
and meteorolo«i;ists concernin<^ the cause of glaciation. 
The classification of sucli hypotheses can be divided 
into two groups, geologic and astronomic. 

Ceolocrir Theorie.s Astronomic Tlieories 

ti])lift; highlands earth-sun relationships 

volcanic dust; shutting \ariations in solar output 

uu[ solar radiation 
continental drift 
polar wandering 



Plalo 1.24 Mar!«hnlls Cr<»ok Maslodon bones innitn before 
being removed from John I^up^s peat bog 
one mile northwest <if !\Iarshalls Creek, 
Monroe (^onnly. The skeleton in partially 
exposed with foot rule nour center of photo* 
Hear limb bones — bottom 4if photo, pelvis — 
oenler; with the vertebrae, ribs nnd front 
linth bones nt the top of the photo. The skull 
and niiindible were removed before the photo 
was taken. Thi* exri'ptitmallv large bone at 
the bottom renter is the left fenuir. Radio- 
carbon date for Marshalls Creek Mastodon 
was 12.000 years before present. Photo ronr- 
tpsy of Pa. Historical A' Mttseitm Commission. 



Whatever till' real i\nist' ol '^^n ialion tin* I'liinalif 
rlcm-'nts nnisl In- i-oiisitlnt'd in a siMifli for tlic an- 
swrr. snow luiist tall tliaii melts so iiioistnro 

hi'coiiu s a iriMi'al factor, (ilacial ti inperatiiros on tho 
olluT haiul ilo not l all lor ilraslir c liani;<"^ ^^y^'v prt'sont 
Icnij^t ratnrc lann^s l)n( cooKt snnnnors sccni almost 
a ncii'ssity siwrr the snow nniNt he ri'tuint'il thronuh- 
ont the \i'ar. 

KrnuinhiM* also tlial the Lilu ial jici iods witc fol- 
lowed by wartnrr inli'i'^lacial I'l^isodivs tlins addinu; 
Urrati.'r coniiil.-xit) lo tlir ]")rohli'ni. I'\»r any loi^ical 
liypntl'rsis nin>l ( \plain llu' ociMnTcnci' of tin* four 
glacial and tlirn- intfi'^lai'ial stag's. It is on this ]")(Mnt 
that nian\- thmrifs Itrcak down witli insnfficii'iit data 
to i'\i)Iain tlu- wa\niL: and wanini: i^lat ial ( yc lcs. 

dors a ^lacior form ixtul move? 

CFlat'iiMs oriiiinalf in sn()W'fi( Ids wIum'c yearly ac- 
iinindalion is (r)nstantly hnildin^^ np. The lower limit 
ot the snow field is niarkt'd by the snowline. As the* 
snowfield tlii<. kt ns the older snow* hceonies more com- 
paeted into n< \ i* throni^h transformation of snow into 
ice. This transforni.ition is similar to the ehana;es that 
take jilaee when sechnients are altered into seihmen- 
tar\ roekN. Stralifit ation is exiileiil in tlie intermediate 
stater, often tailed firn, sinei' eonipaetion increases the 
density of the snow throiiLih the expidsioii of air. 

Also ai(hn<4 in the i rystallizatioii of snow is the 
process called snhi.n. 'ion and reerystallizatifin. It 
seetiiN a ( ritieal thickness of tlie snowfield is needed 
before th<'se jiroeesses can fnlly operate. This is 
thought to be abinit 150 feet thick. 

C'dacier nuwenient is not very dran^atic, typically 
ifiAy a few inches per day. .\ glacier moves down the 
slope by gravity as does a stream with the greatest 
vi'locity beini: reached toward the lenter ami near 
the ti>p of the iic ailvance. It seenis that twc^ tyj'jcs 
of movenu'iit are evident in glacier althoni^h there is 
nnieh debatr conirrninLi glacial .ulvanc?. 

(>n«' type is a fractmn' and shear (fault ) t\'pe mo- 
tion oi'( inrini: j")rimaril\" in the nppiT /on(* of move- 
nie:it i lOD to 200 fret thick - wlu're llu-re is a ti;lidinn; 
and nieltin^-rrfrec/inL: of crysials. Here the ice relicts 
as a brittle subst.uice. 

A second l>"pc of nKivrnu-nt is en(()untere(l at 
Uie.iter dej^ihs whert* the in' under U^<mI j^ressnre 
froni f)\erl\!n'4 material will flo\s- 1)\ j)lastic yielil like 
to<)lhj)asle bcin'4 s(piec/cd from a tube. As a result 
1)} l\\f 'lifferentia! !no\(iucMt taking place l)etween 
ihesr two zones ( uj)p«>r brittle z* ue and the lower 
plastic- zone I tb<' ujipi r /one frac tures '^ivini^ rise t() 
faults and crevasses. 



\\ hat i'ffertH did tlu» iiio\ iii^ ice have in IViiiisyl- 

vania? 

Althom^h mountain <j;Iaciati()n was active* in the 
western L nitetl States, northern Pennsylvania was 
e(i\t'retl by tontinental ice sheets moving southward 
from Oanaila. These moxing ice masses dratj;ii;etl 
aloni; liencath tlieni a mass of fr.itiment'ed rock which 
smootlietl and scratched (striated) the mountain tops 
they crossed .md widenetl and tIee]XMied valleys they 
oeenj")ietl. 

As lhe\- melteil. they left a thick accmnulation of 
♦^huial tirift (rock di'bris ) in tile \*alleys and thin de- 
posits on the ujilanils. There depositional features are 
the m()st ob\'ious t^lacial fiMtm'cs of the Pennsylvania 
huulseai')e in northern ((umties. Some of this rock 
di'hris was laiil ilown tlirectly by the ice while others 
was tlepositei! by meltwater streams which trans- 
ported 'glacially erodetl debris from within or beneath 
the ice. 

The most prominent ice formcti landscape features 
are calletl moraines, consist ini; usually of ridges of un- 
sorted till extending across the landscape. North of 
the glacial border there are also areas of low hum- 
mocky ground moraine, made of till (Plate 1.25). 




Plair 1.2!) Till flrpoM*! m roafi rut north of Alliion, 
Frio Clo'inty, 



'I'he d(Minnant meltwater deposits north of the gla- 
cial border arc kames, kettle holes, kame terraces, and 
\alley trains, or outwash plains. \ few cskers have 
bi en rej^orleel in Pennsylvania. The origin (if these 
features is described in any ge()loi:y or earth sei- 
('uee te\tbof)k. Pelow di'c listed a series of topo- 
graj^hii- maps illustriiting glacial features found in 
Pennsylvania. 
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An excellent description of glaciation in Pennsyl- 
vania has hvvn published by the Pennsylvania Geo- 
logical Survey, Harrisburg, ^Pennsylvania and the Ice 
Agc\ by V, C, Shcpps, Educational Scries #6, 1966, 
Other booklets on glaciation in Pennsylvania pub- 



Feature 
END \ 



VALLEY 



LAKE 



KAMES 



ESKERS 
KETTLE 



DRUMLI? 



OTHER EFFECTS OF GLACIATION 

L Emiatic Change of Sea Level— Waxiy estimates 
have been made of how much sea level has 
risen (interglaciul j or fallen (glacial) during 
the Pleistocene Epoch hut the most popularly 
quoted figure seems to be about 300 feel. 

Topics for investigation: 

Strandlines, glacial terraces (Atlantic coast), 



lished by the Pennsylvania Geological Survey are: 
Bnlletin G-7, ^'Glacial Deposits Outside the Wisconsin 
Tenniiial Moraine in Pennsylvania" and Bulletin G-9, 
"The Ceoaiorpliology of the Wyoming-Lackawanna 
Region". 



drowned valleys, effects on plant and animal life. 
2. Drainage Chanfi,e—\{ii\\y draiiiage modifications 
occurred throughout the Pleistocene as melt- 
waters from the glaciers flowed away from the 
ice fronts. Four major existing river systems 
were greatly influenced by and show dramatic 
efi*ects of glaciation; Missouri River, Ohio River, 
Mississippi River, and Columbia River. 



U. S. Geological Survey Topographic Quadrangle Map 

RAINE Sandy Lake 
Pocono 15' 

Bangor 15', just north of Bangor along the base of the mountain 

TRAIN Brodheadsville Pohopoeo Creek valley floor 
Pittston IW, Wyoming Valley floor 
Milford 15', along Delaware River valley as terraces 
Beaver Falls IW, terraces along Beaver River especially at Koppel 

IPOSITS Cambridge Springs 15', flat valley bottom north of Cambridge Springs on lake 
deposits 

Swanville IVi", beach ridges just about 700 and 750 foot contour lines; lowest 
is beach of ancient Lake Arkona; highest is beach of Lake Maumee 

Conneaut Lake Tn\ east of Conneaut Lake; east of West Vernon; and west of 
Stony Point— north of Jackson Run 

Milford 15', just south of Milford at the valley edge, base marked by 500 foot 
contour line 

Mercer 15' 

LAKE Conneaut and Hai-monsburg quadrangles, Conneaut Lake and Clearwater 
Lake are kettle lakes 

Cambridge Springs 15' Edinboro Lake is a kettle lake 

Brodheadsville Tn\ small lakes in valley of Pohopoeo Creek are kettle lakes 

^S Wattsburg 7)2', spoon-shaped hills arc drumlins. Note also lineated topography; 

This has been called in other areas ''corrugated topography" because of its resem- 
blance to corrugated cardboard 

Can You Name One Or More Glacial Lakes In Pennsylvania? (see Figure 1.25) 
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Topics for inve!«ti^ation: 

Tca\s Hivci Val !',•>•. "tljroui^li \ alleys**, Columbia 
IMatcan scablands. Hi\(M and associated terrates. 

3. C.l(wio'J.(U ttstrinc Fcafttn's -\t is undoubtedly 
true that' i^Iatiation has htvii responsible for the 
formation of more laktvs than all other geomor- 
phic professes tonibint'd (Thornbury, 1954). 
The origin of ulat'ial lakes is \'ery complex and 
divtMsiFed. Cilatial lakes form as a result of 
damnu'm^ by moraini*s. kc liloeked basins, gla- 
cial scoiiri!i«4. dcpositic^n of till, kettle lakes, and 
where topography slopes toward an ice sheet, to 
mention a few. 

Topics for iiiv«*Hti<;ation: 

X'arve dt posits llistorN" of the Great Lakes. The 
Kinder Lakes. Lake Ai^assi/. Lake Souris. 

4. rhaial Clintaics in Arid Rep,ioiv{—P\\\via\ cli- 
mates c haraeterized by increased rainfall and 
decreased ev»iporation that affected nongla- 
ciated areas durini^ the Pleistocene. 

During the glacial periods larue sections of western 
L'liited States were co\'ered with <'\tcnsive lakes while 
in the inter^lacial ages the land became arid and 
shrinkage {)f the lakes took place. 
Topics for iiivesti<i:ation: 

Lake Bonneville (Great Salt Lake). Lake Lahon- 
tan. Lake Rnsseli. Dead Sea. 

5. Mifiration.s of Plauts and Ani/nr//.^— There is 
much evidence throughout the Pleistocene 
Epoch of repeated mass migrations of plants 
and animals as the climate fluctuated from gla- 
cial to interi^lacial stages. 

All living species, both plant and animal, have cer- 
tain climate tolerances within which they can hvc and 
reprodu((v Certain plants and invertebrates whose 
tolerances are higlily restricted by the critical factors 
of moisture and temperature provide rather accurate 
indications of past chmatic patterns. From these 
paleoclimatic studies paleontoloijists have pieced 
togc»ther rather clear evidence of large population 
shifts con(»latini^ with the shrinking and expanding of 
the glaciers. 

Topics for invcsti<;ation: 

Trace the evolution and migratory rotites of the 

horse, cam<'l. rhinoceros, elephant, carnivores. 

and primates; land bridges; carbon 14 dating; 

biotopes; pollen anaKsis: oxygen-isotope ratios. 

6. Other Topirs for Investigation 

a. Peri^lacial phenomena 

b. Prc-Pleistoceiie ^laciations 

c. Periodicity- of climatic change 

d. Distribution of loess and eolian deposits 

e. Effect of glacial loads on the earth's crust 

f. Contemporary deglaciation 
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Figure L25 Glacial depoflits in the Conncauf l^ke area. 




Vlatv L26 C;]arial Iak«- d<>po*«it adjacent to 1^0 in 
Monroe County. 




IMatr 1.27 KaniCM north of VCnterforil, Crawford Countv. 
IxmkiiiK <*a*(1 from Route 19. 



Plate 1.28 View of Conneaut Lake from gravel pit in 
kame east of the lake. 



Of what prartiral importance to man have lieen 
gla(*it*rt4 and |;laciation? 

Gliuiey^ eroded md deposited large amounts of 
rock debris filling in valleys, displacing streams, and 
creating unique laiidfonns. These deposits by glaciers 
are important sources of sand and gravel for road 
building and fill as well as prime underground 
storage areas for ground water. 

In addition, the study of minerals in glacial drift 
has revealed hurled mineral deposits crossed by the 
ice. 
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STRUCTURE OF THE EARTH 
Major TopicM E\|iloml 

Principles of structural geology 

Structural axioms 

Tectonics 

Practical applications of structural geology 

What is (Structural ^oolo^y? 

Most of the surface of the earth is covered by 
layers of sediuientar)- rocks. In a few areas such 
as Central Tuiteil States the sedimentary rocks are 
mostly flat lyiui;. However, here in the East, par- 
ticularly in the Appalachian Provinces, we find these 
rock layers contorted into many shapes. These rocks 
have been subjected to many forces that" have drastic- 
ally altered them from their original horizontal atti- 
tude. 

Through observation and measurement tlie struc- 
tural geologist attempts t'j reconstruct partially eroded 
and often puzzling geonKtrjc rock forms. From a 
study of the existing evidence, he tries to draw a 
three dimensional picture of the area. This drawing 
illustrates each layer's position in time and space and 
each layers relationship to the entire sequence of 
rock he is studying. 

Structural geology is important to man in locating 
valuable mineral deposits and is a necessary tool in 
imderstanding earth history. 

TEACHING STRUCTURAL GEOLOGY 

An analysis of earth structures involves an under- 
standing of forms and three dimensional spacial re- 
lationships. Erosion lias modified and altered almost 
all original rock structures so that the problem is 
first to identify and recreate the original structures 
in their proper perspective. 

The next few pages provide a set of axiomatic 
statements regarding common structural and strati- 



grajihic rc^lationshijis appearing fri'iuently in the 
earth s crust and ilepictc^d on geologic map;> and 
(T(iss-sections. 

Structural ^eolo^;y may Uv tau<zlit hy proHontinf: 
the* Htudrnt Hitli tliM Herien cif axiontH and rdatcMl 
lilcH'k dia;:raiits 

When the student' becomes familiar with Ihese 
axioms, he will he able :o interpret almost any geo- 
logic i/iap and cross-section. 

Before you engai^c in any slructural analysis of 
tile fo!!owin'4 diagrams, the student should become 
familiar with a few general mapping terms and 
symbols. 



BLOCK DIAGIIAM 




Plan View; A top view of the view you would get if 
flying over the structure looking down 
on it. 

Section View: A side or structure view looking into 
a cut of the block. 

Longitudinal View: A view along the side of the block 
at a right angle to the section view. 
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Strike of Bed 2 



Strike: The composs direction of o horizontol 
line formed by the intersection of o 
rock surfoce with o horizontol plane. 



Dip: The ocute ongle meosured between o rock 
surfoce ond a horizontol plone. 



Dip of Bed 2 



Dip is olwoys meosured ot o right ongle to the strike. 

Lowered numbtfred (1) rock units ore older thon higher 
numbered (3) units, ond so on. This numbering system is 
importont loter when the student is studying the axioms. 




AXIAL PLANE 



Plunge of Axis 

Plunge; When the axis of o fold is tilted from 
the horizontol plone. 

Axis: A line det*!rmlned by the intersection of the two limb$ of o 
fold on ony given bed ot the crest or trough. 



Axiol Plone: A plone thot Intersects the crest or trough of o fold 
in soch o manner thot the limbs of the fold ore 
more or less symmetricoUy orronged with 
reference to the oxio! plone. 



Geologic Mop Symbols 
BEDDING 

Strike ond dip of beds (number indicates dip in degrees) 
^ Strike ond dip of overturned beds 
Strike of verticol beds 
Horizontal beds 




FOLDS 



J 



Anticline, showing troce of oxiol plone ond beoring 
ond plunge of oxis. 

Syncline, showing troce of oxiol pione ond beoring 
ond plunge of oxis. 



Overturned onticline^ (no plunge of axis) 
"~T^y~ Overturned syncline, (no plunge of axis) 
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Foolts 



^^^^ Foult, showing relotive movemeiit 

D.. High ongle foult, movement - U, up, 
U ond D, down (plan view only) 

Thrust or reverse (oult, barbs on side 
of upper plote shows direction of dip. 
(plan view only) 



STRUCTURAL AXIOMS ON FOLDED BEDS 
IN A NORMAL SEQUENCE OF ROCKS 

OLDER BEDS DIP TOWARD (UNDER) YOUNGER BEDS. y/i 




OUTCROP WIDTH 




6. 



OLDER BEDS ARE EXPOSED IN THE CENTER OF AN ANTICLINE. 




I'lat€> L29 IMuiif^in^ aniirlinr i>f Pooono standstone, Plate 1.30 Synclinc in southern Anthracite Field of 

northern Dauphin County. Srhuylkil] County. 
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FOLDS WITHOUT PLUNGE HAVE STRAIGHT AND PARALLEL OUTCROP PATTERNS. 






PLUNGING FOLDS HAVE HORSESHOE OR 
OR CURVED OUTCROP PATTERNS. 



THE DIRECTION OF PLUNGE IN A SYNCLINE IS TOWARD 
THE OPEN END OF THE CURVED OUTCROP PATTERN. 




■ ^ 




IMatt* 1.31 Antirlinc in Catskill Formation, Carbon 



County. 
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IMale 1.32 ()vrrtiinH*fl foMs in Rshlentan^j« Quarry, Lan- 
rasster (^mnty. 
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THE DIRECTION OF PLUNGE IN AN ANTICLINE 
IS TOWARD THE CLOSED END OF THE CURVED 
PATTERN. 




ALTERNATING PLUNGING ANTICLINES AND SYNCLINES OUTCROP IN A Z-SHAPED PATTERN. 



13. 



14. 




IF ONE LIMB OF A FOLD DIPS MORE STEEPLY THAN THE OTHER, THE FOLD 
IS ASYMETRICAL. 
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STRUCTURAL AXIOMS FOR FAULTED ROCKS 




THE HANGING WALL APPEARS TO HAVE MOVED UPWARD IN A REVERSE FAULT. 
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THE DISPLACEMENT IS HORIZONTAL BETWEEN 
OPPOSITE SIDES OF A STRIKE-SLIP FAULT. 






Plalo 1.34 Hi^h-aiiKlc ro%erso fault, ex|iosecl along In- 
Plale 1.33 ' .\#irm«/ fault. trrstatc 81 near Haxloton, Luzerne Cuunly. 
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A SURFACE OF EROSION OR NONDEPOSITION THAT SEPARATES YOUNGER ROCKS FROM OLDER ROCKS 
IS CALLED AN UNCONFORMITY, 



5 




1 



X-X'- UNCONFORMITY 



IN A NORMAL SEQUENCE OF ROCKS, THE YOUNGEST BEDS ARE TOWARD THE TOP OF THE SEQUENCE 
(SUPERPOSITION). 



5 YOUNGEST 



4 



3 



2 



1 OLDEST 



YOUNGER 
^ 



IN A COMFORMABLE 
SEQUENCE OF BEDS, THE 
TOP OF EACH BED IS IN 
THE DIRECTION OF THE 
YOUNGER BED. 




WHEN ONLY ONE FORMATION OUTCROPS OVER A FAIRLY EXTENSIVE AREA, THE BEDS ARE 
RELATIVELY FLAT-LYING OR EXTREMELY THICK. 

PRESENT SURFACE 




Ss 



Sh 

Ls 

A PERIOD OF DIASTROPHISM IS YOUNGER THAN ANY OF THE BEDS THAT SHOW ITS EFFECTS. 

PRESENT SURFACE 



28. 




A SEDIMENTARY ROCK LAYER MAY CHANGE IN CHARACTER (FACIES) LATERALLY AS A RESULT OF THE 
NATURE OF THE DEPOSITIONAL ENVIRONMENT ( I.E. THINNING OF ROCK ON EDGES OF A BASIN). 



CONFORMABLE IN AGE AND POSITION 



29. 




IN THE CASE OF A PINCH-OUT OF BEDS ALONG THE MARGINS OF A DEPOSITIONAL BASIN, TWD 
DIFFERENT ROCK UNITS (I.E. SANDSTONE AND SHALE) MAY BE CONFORMABLE IN AGE AND POSITION. 



30. 



A FAULT, INTRUSION, OR UNCONFORMITY IS YOUNGER THAN ANY ROCK THAT IT CUTS. 
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NiiK thai H€» \ui\v ^IihUimI ***«triirliiral ^leolo^y""* 
nhal is ••Irtlunif?*'"'? 

'I'lH'loiiii's ili^als willi major striuturcs in tlio eartli's 
iriisl and tlu- lotci's iuvohcil in llic sliapini; ol the 
c'Oiiliiii-iils and (Ki-an l)asins. It is llicrdorc a pliaso 
of slrmtnicd ui'olo^y ilcalinii; willi llit» lari^cstale 
iratni work of the caitirs crust. 

.\d\ami's in tectonics depend on a knowlcilgc of 
the ui'olonical slrucltnes of Iar<^e rei^ions. Tlierc liave 
l)een ureat advances in lliis scientific area hut many 
prol)lenis inianswered becanse of insnfficient gco- 
loi^ic and i^inpliysieal data. As a result, tlit science 
of leilonics deals mostly with speculations rather 
than scientific [act. This field is witle open for per- 
sonal tlu'ori/in'4 and interpretation. 

The followinu outline is provided for the teachiT 
as a i!;nide to slinndate class iliscussion and sttiderit 
invcstii^alion of some of the /nost interesting and 
contemporary topics of earth tectonics. 

1. Continental Drift— The Theory of Contin-^ntal 
Drift was first fornialized b\' .\Ifred Wegener, 
an Austrian meteorologist in 1912. He envisioned 
a single vast continent consisting of all dry land 
( Pangaea K Dining late Mesozoic time the land- 
mass broke np and began drifting into the pres- 
ent p{)siti{)ns of the existing continents. Today 
there is reneweil interest in the drift concept 
t^s a residt of recent studies in convTCtional 
currents ami paleomai^nctism. 

SitiSf^Pstions for study 

a. A uood \va\' to introihice the topic of con- 
tinental drift is by observing the shapes of 
iho contiiu'iits on a world map and literally 
fitting the continents together (i.e., Soiitb 
America fits into Africa). 

b. Investigate \\\ i:en(»r*s Theory of Continental 
Drift. 

e. Investigate eviiliMice in support of continental 

drift f i.e., paIeon)agi)(»tisin, Paleozoic glacia- 

lion. fossils, paleocliinates). 
d. !ii\'estii:ate evidence against the theory of 

continental ihift (i.e., Gondwanaland, fossils, 

etc.). 

2 C'otn ('('fiondf Cnrrrnts—Thc possibility of eon- 
vecti(jnal currents in the earth's mantle have led 
to many exciting and interesting controversies 
reiiardini: their relationship to mountain build- 
ing, cunluiental drift, isostasy, and r^/thers. Tliis 
con\*e( tional movement is aualotious to llie move- 
ment of Water v\hen heated in a be.ikiT. In each 
convection cell, the semidi(|iii(l material of the 
mantel rises in the midille. curves outwards to 



the sitles. antl descemls along the oiiter edges. 
The cmreuts normally occur in pairs so that 
where two cells upwell and diverge the cnist 
is muler consitlcrahle ti'usion ami tlie basic 
material of the mantle is tlisplaced iipward 
toward the crust. Where the cells converge and 
tlesceiul the crust is draggetl downwanl under 
compressional forces, 

Sttfif^pstions for study 

a. Invest ii^ate nature of the material in the 
earth's mantle. 

b. On a world relief map attempt to locate 
possible sites of converging and diverging 
eonvectional cells. 

c. Investigate eonvectional cell theories (i.e., 
Griggs, Pekcris, etc.). 

(1. Demonstrate eonvectional movements iising 
different mediums (i.e., water, glycerin, (»tc. ). 

e. Investigate the time factor and cyclic occur- 
ence of conventional cells. 

3. Sea Floor Spnyif/z/tg— Recent geological evidence 
has indicat(^d that niid-oceanic ridges are marked 
by normal faulting, high s(Msmic activity, high 
heat flows, and an absence of a .sharp Mohoro- 
vicic discontinuity. 

The Mid-.\tlantie Ridge coidd represent an area 
of uinvelling mantle and divergence of a paired eon- 
vectional cell system. In this way, the normal faulting 
and horizontal extension of the ridge at right angles to 
its length is brought about. Surveys in Iceland show 
that the country is being pulled apart at the rate of 
about 3,5 meters per year per kilometer of width. The 
Atlantic continents thus move apart as new oceanic 
crust foniis. 

There seem to be (Miough areas of folding and 
compression at and near the bortlers of continents to 
compensate for the expansion postulated at the mid- 
oceanic ridges. Perhaps in these zones of compression 
th(? convection current is descending. 

4. Isostasy— The Theory of Isostasy from the Greek 
"equal standing** states that different portions 
of the earth*s crost are in balance or equilibrium 
as a result of difference in mass and specific 
gravity. Gravity surveys have proven that moun- 
tain masses do not exert as much gravitational 
attraction as they should if they were loads 
resting on a uniform crust. One feasible expla- 
nation of this phenomena is thaf the moimtains 
are btioyed up by a more dense plastic layer 
beneath the mountain masses. A mountain sys- 
tem such as the Himalayas rises over five miles 
above sea level. To comjiensate for this excess 
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voliimo tlic lighter sialic layer of tho cnist is 
thicker than the more dense siniatie layer. Thus 
the mountains have roots of lighter material 
extendinsi deeply into the ernst. Conversely, if 
surface features have neiiative topographic ex- 
pression the sialic layer is thinner and the siniatic 
layer proportionately thicker. 

Sugfsestions for study 

a. Investigate the different theories of isostasy 
(i.e.. Pratt .\iry). 

b. Investigate the nature ol' the earth*s crust. 

c. Investigate the forces involved in tlie estab- 
lishment of isostasie cqnilibrinm ( intcr\ial 
and external ). 

d. Terminology: geoid, spheroid, gravity anom- 
aly, plumb line, sial, sima. 

e. Demonstrate isostasy by floating materials 
of different densities in different mediums. 

5. Fold Mottutaius and Cmvf/wr/f«r.9— \fost of the 
major mountain systi^ms of the world such as 
the Rockies. Appalachians, .Alps. Andes, and 
Himalayas are examples of folded type moun- 
tains consisting of anticlines and syndines that 
are commonly faulted. Folded mountains con- 
tain all types of rocks with various fossil as- 
semblages but the conmion element of all folded 
mountains is that they contain extremely thick 
deposits of shallow water sedimentary rock 
strata. Since these strata are not typical of deep 
ocean sediments another explanation is required 
for their accumulation, namely a geosyncline. 
A geosyncline is defined as a large linear-shaped 
trough continuously downwarpinE: while con- 
tained sediments are accumulating. 
Below is a partial list of generalizations regarding 
geosynclines: 

a. GeosyncIin(\'< form during sedimentation rather 
than afterwards. 

b. Geosyndines commonly occur alontj the margins 
of continents. 

c. Subsidence of the crust in a geosyncline must 
be related to internal forces underneath. 

d. A geosyncline is a mobile belt. 

e. Ceosynclines represent surface expressions of 
deep crustal structures. 

SiifSfipstions for study 

a. Investigate th(» various theories of geosyn- 
dines (i.e.. Hall. Dana, Kay). 

b. What was .\ppalachia? 

c. G(V)synclinal terniinolo^y: inio^cosyncline, 
eusieosyndine, Craton. tectonic lands, fore- 
land, hinterland, shield. 



d. Nfap the past and present positions of geo- 
syndines and look for correlations between 
them and mountain systems. 

e. Explain how mountains can form from g<*o- 
syndinal basins. Crustal shortening? 

f. Investigate other types of mountain build- 
ing (i.e.. fault, block, volcanic, upwarped). 

6. Ocrauir Features: Island Ares— A system of 
arcuate- shaped volcanic ridges rising from the 
ocean floor and separating shallow seas from 
the open ocean. Among them are the Circum- 
Pacific bell of islands such as the Aleutians, 
Japan, Philippines, etc. 

Deep Sea Trenches— Long narrow depressions 
typically over 20,000 feet deep with steeply 
sloping sides typically found adjacent to and on 
the ocean side of the island areas. Many of the 
ocean depths represent areas of negative grav- 
ity anomalies or portions of the earth's crust that 
are deficient in ma^s due to an excess of light 
crustal rocks pi died down to great depths. 
Ridges and Rises— Ridges are narrow steep-sided 
submarine masses elevated high above the ocean 
floor. Rises are large, broad topped swells rising 
from the ocean floor and sometimes appearing 
above the surface as islands (Azores). The 
rises freciuently represent positive gravity ano- 
mnlies. an indication that the denser rocks of 
the lower crust are closer to the surface than 
usual. 

Suggestions for study 

a. What is the relationship of the oceanic 
features and gravity anomalies to convec- 
tional currents? 

1). Map the position of Island Arcs, Trenches 
and Ridges and study their geographic dis- 
tribution. 

c. What is the relationship of earthquakes and 
volcanoes to Island Arcs and Trenches? 

d. Taking into consideration all of the above 
structural features (one to five), list the 
correlations and discrepancies that exist 
among them. 

The following texts provide additional information 
concerning tlu* list of topics discussed under this 
hea<lint: and shoidd provide greater understanding 
without getting into th(* technological and quantitative 
aspects of tectonics. 
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rap}iij, McGraw-FIill. 

M<Mi;iril. U. W. ( UX>4), Marine Gcolo<:y of the Pacific. 
McGraw-Hill. 

Ho(ls;ors and Adams (1966). Fundamentals of Gcol- 
a^y. HarptT & How. 

Stokos and Judsoii (196S), Introdtwtion to Gcologtj, 
rri'nticc-Hall. 

you imiiie hoiiic prurti<*al appliratiotiH of 
structural ««:col«>«5y? 

Wuvi can II knovleil^ie of ?itriirtiiral ;;rology lielp 
man '/ 

Tlic struclural iii*()l()uisl is tonccrned witli many 
uian-rt'lattHl atlivitics whiuh miulit he inlcreslini^ for 
the student to inwstiiiak'. Below are some siiptzeslcd 
(jMestioiis and topics for student involvement: 

1. How man locate oil deposits? Ore de- 
p08tl8? etc. 

Oil hfini^ li^litiT than water tends to micjratc up- 
ward throMiili r<uk pores as a result of buoyancy. 
When tfic passai^c of oil is halted, usnally heeause of 
coutai ^ with an Muprrnii'ohle roek la> er, tlie oil begins 
to aeeumiilaie to Form ccououncally sia;nifieant de- 
posits called oil trajis. 

Soiiir of tlu' rii()st eorufuon types of oil traps f Figure 
1.20 arc produci'd by loldiru^ and faultini; of rock 
layers, .\ntjclines and d(nn('s represent ctMnmon types 
of strncturai traps in whir li \hc oil will micirate up-dip 
alon'^ tlie lirnhs of tli(» fold and form a pool in the 
crest rif tile lold hcncath tlic imper\ ious eaprotk. An 
(lil trap lan aI^o }>e produced through faultint^ by 
hriniiihU a rcscrxoir rock in juxtaposition with an im- 
perniealilc bed tlins jiroducin*:: an f>il pool adjac<Mit to 
the fault plane 

2. Toal iiiitiiii<£ prolilcni — How mi^slit .Htructiiral 
^cido^y lie used in roal mining? 

Otj'- of till- ciicajit'si and most dcsira]>]e methods 
of coal miriiirj; in the L nited States is by open pit 
strip mimnn where 1 irLie scoop is employed to 




Fiinirr 1.26 (A) The Dome Trap. Oil and gas are often 
found in folds in rock strata. Oil ^^floats** 
above I he denser water. Gas, less dense than 
oil, is present above ihe oil. 




(B) The Fault Trap. When a fault occurs, 
movement takes place. If oil-bearing rocks 
are present, oil is trapped by impervious rock 
present at the other side of the fault. 



remove the undesirable overburden (soil and rock) 
an<l minintx tbe coal witlt a pow^r shovel. In order to 
mine coal by this method the ^eolopist must be con- 
cerned with both the economic and peologie aspects 
of the deposit. 

The arnomit of overburdeir to be removed before 
striii|)in<4 ojvMations can lie carried out is an economic 
factor that nmst b(* considered since it is a cost factor 
in any minin<4 operation. If the overburden removal 
cost exceeds the value of the cf>al the company would 
"be in th(» red". Fretjneutly coal beds are found to 
be slightly dipj^ini; which presents the problem of 
determinini^ the de])tl) of the overbtirden to b<» re- 
moved an<! still operate with a pn>fit ( overburden/- 
coal ratio 1. As the scoopini; operations continue 
down dip tile amount of overburden increases and 
at some point the removal of the overburden (cost) 
will exceed the value of the coal (earning.) 
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Example 

A coal bed 5 feet thick strikes nortli-sontli and 
dips 10 wvst. Thf top of the bed outerops along 
the eastern edm' of the pro))erty owned by the niinini^ 



eoinpany. The coal ean be strip rnincd at a profit 
as ioni^ as tlie overbnrden/eoal ratio does not exceed 
20:1. How far west ean stripping operations be 
profitably earried? (See Figure L27.) 



N. 




Fif^urp 1.27 Graphic solution to mininfc problem. 



3. Can you name other ways structural geology 
helps man? 

There are many, but the following questions and 
topies will point out some of the more important. 

a. What is the relationship of rock structure to 
ground water, artesian springs, eit\' water 
supplies? 

b. Why is a knowledge of roek strueture im- 
portant in the construction of highways, 
dams, airfields, and housing developments? 

e. Examine selected ore deposits in the United 
States and study tbeir structural implications 
and significance of the deposits. 

(1) Mesabi Range, Minnesota (iron) 

(2) Keweenaw Peninsula, Michigan (cop- 
per) 

(3) Black Hills, South Dakota (gold) 

(4) Salt domes. Gulf of Mexico (salt) 

(5) Oil fields. Gulf Coast 

d. How does geologic structure influence and 
control the evolution of landforms? 



e. Study thi^ topography that develop{\s upon 
folded and faulted rocks. Consult "Principles 
of Geomorphology", by W, D. Thornbury, 
2nd Editi<m, John Wiley and Sons, 1969. 
Also consult U. S. G. S., "Set of One Hundred 
Topographic Map Series", 
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THK GKOMKJIC HISTORY OF THE 
KARTH 

Tlir sliidnUs should hr fainili.ir now with tlie 
moiv important ncologic features and witli tlie 
physioi^raphir aspects of the I'nited States and Penn- 
sylvania. At this point, the timelier may turn to a 
(lisenssion of how these filatures eame to he. 

Major 1 o|M(\s Explorcil 

Measnrini^ neolo^ie time 

I'm'formitarianism 

Methods of unravehni^ tlie past 

C.eoloi^ie lime scale 

(.'e(;lnuii- history of Peiiiisv lvania 

The lossil record 

(iaii Anyone Toll i n Mow We Mijjjhl Measure 
Geolo<:i<* Time? 

Helative Time-wlietlier one e\'ent in the liistory 
of the earth eame })efore or after anotlier event. 

Ahsolnte Time— whetlier a ideologic event took place 
a few thonsand \ears ai^o, a billion years ago, 
or at some spi'eifle date in neoloirie histor\-. 

Absolute Time 

!. R(t(li(}(i(tii:ify—T]w nuclei of certain elements 
spontaiieonsi}* emit particles, and in so doing 
produce new elements, "Phis proeess is known 
as radioactivity. 

Uratiitini 23H (U' '") will yield helium and lead 
as end-products. The rate at which V^^^ decays 
is constant, unaffected hy any known physical 
or chemical ai^ency. 

'11 le rate at which a radioactive element decays 
is expressed in terms of its lialf life (time re- 
quire(! for half of the nuclei in a sample of the 
elcnient to decay ). The half life of U-'^« is 456 
.\ 10" N'ears. which means if we start with an 
(Muiee of l'-'^ there will he only half an ounce 
li'ft after l,5fi() million yiMrs. 
P(>t(i\sinnt-Ar^()}i is more simple and reliable 
than l*-**^, Potassium h(»comes argon, hy one 
transformation. Half life is 1 billion, 310 million 
\ears, 

Ilfihiditim-Sfrottfitmt— the half life of Rh"^' is 
about G billion years and is useful in old rcK'ks. 
C.tirfxni / /-Neutrons from outer space (cosmic 
rays ) bombard nitroeen and knock a proton 
out of the nitroeen, C^arbon 14 combines with 
oxyUen to form a special earl)on dioxide C^^Oo, 
which circulates in the atmoslipere and ev( n- 
tualK' reaches tlie earths surface, where it 
is absorbed by living matter. It has been found 

o 
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that the distribution of carbon 14 around the 
world is almost constant. Its abundance is 
independent of lonuitiule. latitude, altitude, and 
the t\pe of iiabilat of livin\^ matter. There is, 
then, a certain small amount of carbon 14 in 
all livini; matter. .\n(l when the organism, 
whether it is a plant or animal, dies its supply 
of carbon 14 is. of course, no longer replenished 
hy life processes. Instead, the carbon 14 with 
a half life of about 5600 years, begins the 
change back to N^', The longer the time that 
has lapsed since the death of the organism, the 
less the amount of carbon 14 that remains. By 
comparing the amount present (i,c, in a buried 
piece of wood or a bone), with the modern 
abundance a value is worked out for the amount 
of C * remaining. 

This isotope can he used only for organic 
material that is 50.000 years old or \'ounger, 

2. .ScY/////c'///r///{;// - .Absohite dates for sonie sedi- 
mentary rocks can he establish(*d by deter- 
mining the rate at which they were deposited. 
Certain sedimentary rocks shows a succession 
of thinly laminated beds. Various lines of evi- 
dence suggest that in some instances at least, 
each of these beds represents a single year of 
deposition. So by counting the beds, \vc can 
determine the total time it took for the rock to 
be deposited, 

Varvc—a pair of thin sedimentary beds, one 
coarse and one fine. In glacial lake areas (best 
examples in Scandinavian Countries) where in 
smnmer lakes were nt^t frozen, and water turbu- 
lent, finer ])articl(\s are held in suspension while 
heavier particles settled out and are light colored. 
In winter, lakes are fr{)zen s{) that finer particles 
now settle out and are of darker coh)r. Both 
layers represent a year's deposit (lamination). 

3. Growth Rin^s on Trees ( Dendrochronology ) 
Oldest tree (Sequoia) dated 4600 years, 

4. Retreat of /'V///.v-Niagara Falls-Falls cutting 
back about 3 feet per year. Has ctit hack 7 
miles. .\b()ut 12.000 years when ice covered 
area and with retreat falls started cutting. 

5. Sf/// in S(/// J^aken 

Relative Time 

1. Lutr of Superposition 

If a series of sedimentary rocks has not been 
overtJirned, the topmost layer is always the 
y{)imgest and the lowermost is always the oldest, 
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2. ('orrcldlion oj Scdiincnfdn/ Rocks 

Siiui' t.iiinot fiiiil st'diituMil.ii'N' rocks that 
r('])r('si'tit all <'l earth time ntMtl\' arraiiut'd 
itt our lOiiNt'iiit'iit art'a. \\f niii^t iiiccc to^t thcr 
the roik si*(iia'iu(' Iroiu localitN- to loc'aht\*. 
.'>. rin/sif (il (\in'<'l<ili()}i 

a. "Walking ont ihc HccK" liiMijo^ic iiiiippinii 

out ol SIM lari' oiiti rops. 
h. I .itholoi^ii" SiiniKiritv roi ks with {(hMitifi.ihir 

i harai'tcristic s snt ii as color, texture, ete. i an 

he eorrelaled. 
e. Se(littietiLir\- l''ealiires ■ mil (1 t racks . ri])i)le 

marks, worm hoviiius, concretions, anti 

noiinles. 

(1. *I*opo'-;rapliic K\|)ressioii -forinin^ ridiles. de- 
pr*-.siotis. \alle\'s. i sc(' I'laU' 1.1 V 

e. Hc.ivy Minerals -( garnet, ma^netito. rntilc- 
miner. lU hi'-ih in s])ccifie '4ra\it\'). Traces 
are too small to see in the fitdd. ^!M^t he 
examined in the lal) h\- di'<NoK'iim samples. 

f. Caoss-ciittinu relationshi]is— ;i rock is yoim^ei- 
than any roi k that it cuts acr(»ss. 

Palroiitolo<£ir >Irtliods 

1. Index I'ossils- re(pnfcn)eiits: short life span, 
wide distrihntion. easily icco^ni/ed, moderately 
ahnndant. widl prescrx'cd. Kxainjile: Fusidina - 
l\'nna. Teriod. 

2. Sinn'larity oi' Fauna — If you have 25 to -10 per 
cent of all spei ies in two rock Ia\ crs. this methotl 
is practical. 

.'5. Mid-j)oint Han'^es-imist havo lar^c faima, oO 
spec ies or more. 

4. CJcncral i-\innal Succession— The hvoad over-all 
evolutionary de\elopinent has resulted in the 
major ^ronj)s of organisms reaching the scene 
of their de\ c'lopments in different periods of 
time. 

Other McMIhmIs of Rrhitive Dating 

Electric Well I .o^^in^— measures resistance of flow 

of cmTent tlnouuii rocks. 
Radioactivity Well Loc;t:in<;— I'ses neutron curve. 

reflects amount of hydio^en in rock. 
C^dipej- 1.ol:> si/e of hole \ariations measured. 
Drilling Time Laii;— Ifow man\ feet drill tlironi^h 

in i^iven period of time. 

Have y<»ii ever tluuiulit that the ^eolo<:ie prcieesses 
we s«»e ill aetion tiMlay \%vro aetive thr<»ii<;hoiit 
<:e<>l<><:u' time? 

Geologists feel that tliis is a tine assumption and 
have I)(»en ahle to decipher ^i'oloi^ic history in this 
way. By stncKiim ])reseiit-day processes which pro- 
duce sediments, transport them, deposit tlieni, and 



solidif) them int(> rocks, we can learn how sedimen- 
tary locks well' iormed in the past. Thus the old say- 
ing. 77/f' Pn scnl is a Key to the Past. 

W iiat is liistoriral sieolo^y? 

Historical 'ieolo'iy is the study of the history of the 
jdaiiel Ivu'th. It is the stnd\- of the development of 
the ])liysieal world, its Hie loi'uis and its past natural 
euNironniciils. 

llou does the «£eolo!^lst deeiplier the history of 
Ihe KarthY 

The historical m'olo'^ist perloruis duties vcmt simi- 
lar to that of a deteeti\(' soK'iu^ a crime, lie begins 
n>" '4adierin'i all ol the axailahie lac-ts (as seen in the 
rork and fossil record ■ he then hei^ius to work back- 
ward jJiei im: toiiellicr all the possible events that 
couM haN'c occurred; takes into consideration all 
awiil.ible clues and finall\" arrix'tvs at a cori'ecl or near 
rorrect solution. 

W hat is a tossiir 

A iossil is the e\ ideiic-e o( a oneedi\ iu^ oi i:am'sm 
( ]^laul or animal .) ])reser\-ed in rocks, l-'ossils ranm' 
in si/e from microscojiie sini^le-celled oruanisms to 
^Irnclures as lar'^e as dinosaur skeletotis. 

A fossil need not be a whole animal: broken Irai^- 
Mieiifs or uaturall\- separated pieces are also lossils. 
In Jat'i. m;ui>' i>pes of animals and j)lauts are rarely 
loiiiid as eonipli'te specim(Mis. Most ])lanls are made 
lip of man\" easiU' sei^jarated piec-es suc'h as set'ds, 
l( a\e>. stems, and branches. Man\' animals have bony 
ski letous held together lu" llcshy material: deca\' of 
the fleshy material allows the hard parts to be scat- 
tered by \avioiis natural processes. 

I low do fossils form? 

(iertain types of en\ ironinents are conducive to the 
]ireser\ation of organic materials. Thosc^ conditions 
lliat t\']iically fa\'or preser\'ation include: 1) hard 
parls such as hones, shells, tec^tli, scales; 2 (jtiick 
hnrial such as in sand, mud, cjuicksand, volcanic ash, 
snow burial. 

Marine enviromiu iits rcpi'csent the best regions for 
lireser\ation of fossils. Marine life is abundant and 
sedimentati{)n is rajiid and constant. The best rec- 
ords of j)asl life are therefore derived from rocks that 
rej^icscnt past occamC enviromnents. 

W liat are the dilTereiit types of |»reservati<ni? 

Pctrifai Hon refers to the hard parts of fossils that 
change to stone. This process is accomplished by: 
L l\'nnit}(rali:<ifi(in \{ the original structure is 
porous, as bones or shells, mineral matter ina\" 
be added from imder^ronnd water to fill up tin* 
voids without altering llu,' ori^tirial substance. 
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This makes <)l)jf(ls more compact iiiul protects 
them from air ami solutions that would destroy 
them. 

2. [{rffldrcmcut 'Yhc suhstitutioii of mineral niat- 
ter Ikuu «4rouiul water lor the oriuiiial organic 
m.iterial. SiHia or ealeile rejilaces original cell 
slriuture retaining the internal parts of the ani- 
mal isee riate 1.37). 




Pluto I. .'{7 I'yritizrd gastropod fossil. 



Distillation { Carhonation )-The volatile (gas- 
eons ) {'Uinents of ornanie material are distilled 
awa\- leaving a residue of carbon on the fossil. 

Other Mi'lhodi* of I*re»ervalion 

1. Buried in (juicksand, peat hoi^s, and asphalt 
hoi^s, 

2. Burial in eaves and underi^round caverns. 

;>. (^)uiek fr(U'/e burial in avalanehes of snow and 
ice. 

4. IdUs of volcanic ash. 

o. Burial by dry wind-blown sands in deserts. 
(1 Treservation in amber (particularly insects). 

Fossil Torniinolo«;y 

Extcnidf Mt)l(f—:\u injpression of skeletal hard parts 
in adjoininu rock, showin;.; the shape of the outer 
sides of tlie hard parts; formed by the close paek- 
iu'4 of se(hments around the preserved hard parts. 

Intrnuil .\/o/(/-d mpression of skeletal parts in ad- 
j()iniii<4 r(Kk revealinii the forni of the inner 
surfac*es. 

Inifjrint -.\ very thin mold lackinn any evidence of 

oriiiinal or^cUiie material. 
C'</.s7 -Filling mineral nuitler of a cavity formed by 

the solution tind removal of skeletal hard part's 

by lironnd watc-r. 
7*n/<'A-— Individual impression made in soft sediment 

by the foot or locomotory appeudaue of an or- 

i^anism. Commonly produced by vert(*l)rates. 
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7V{//7 -Marks produced by orjianisnis lacking dis- 
crete feet moving through soft sediment; com- 
monly produced by invertebrates. 

Ihtrnnr- (.'avitv produeed in soft sediment by or- 
ganic aetivity such as in feeding or habitation. 

/ion/iil-CJavity produeed in hard sediment or olhc»r 
matiTial by organic activity usually for the pur- 
pose of habitation (see Plate 1.38). 

C'{)/)r{)A7{'-l'iidigestible residue that has passed 
du'ough the alinientary canal of an organism and 
preserved in sediment. 

G(istrolitli—Sn]M polished stones found in the stom- 
achs of dinosaurs— used in their digestive proc- 
esses. 




Plair Worm boring in Chirkies quartxite, netir 

(^oltintl)iiu LanraMcr C^lotinty. 



How are fossils rlassifiod? 

Because there are so many kinds of plants and ani- 
mals, i-){'opIe who are concerned with their study and 
description ha\*e established a system of classification 
that i^ives names (other than the common name) to 
each and ev'ery living fossil plant and animal. The 
most commoidy used name in scientific writing which 
con( crns animals and |)Iants is the generic and specific 
name. l*'or example, you may be familiar with the 
seientilic name for man, which is Homo sapiens, or of 
the scientific name for dogs, which is (^anas familiaris. 
The first name is the genus, the second name is the 
speeics. Homo sapiens refers to all men: to refer to 
tUi individual it is the custom to use a familiar name 
such as John Jones. Itcferring to dogs, we might call 
tUi indiviilual Fido. 
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WIlut <lo l'os!<ils tell 11*4 aiul of wliut \aliii* aro 
I hoy ? 

1, lU'cord ol Irom ivj,v to ;r4t\ 

2, Si'a animals loiiiul on laiul It'll iis wlu'it' soa 
()riij;inally was, 

3, 'VcU former fxistcMicc of land-ridges (elephants 
lonnd in N. A, alter tliey developed in Enrasia). 

I. Evidence of cliinatie ehant^es. 
3. *re|| IIS cvolntionar)' stfps in different speeies. 

6. Index Fossil provides ns with a ehronolou^y. 

7. Etonoinie valne in loeatiiiij; oil deposits, 

8. Dispersal of plants aiid animals in the past. 
Aestlietic value. 

Tail yon name ho mo of the iuetho<ls or features 
we use ill ileei|>lieriii«: tlie past'^ 

1. Tiic Hocks— WoL'ks ean he the piiges of our geo- 
lou;ic' history i)o{)k. 'I'he composition and charac- 
teristics of the locks give ns ehies as to condi- 
tions of tlie environment at th time rocks were 
formed. Some examples follow: 

a. Basalt = a volcanic environment, 
h. HKuk shale — a reducing environment on 
the sea floor. 

c. Red sandstone ~ a strong oxidizing environ- 
ment, j^rohahly a land surface exposed to the 
atmospliere. 

d. Coal — a subtropical climate suitable for the 
development of swamp forests. 

e. Coral li^nestone • - clear, wann, shallow seas. 

f. Gneiss ^ (l\namie change involving heat 
and pressure. 

2. infannafion frntn a sc(iucnce of beds of rock. 
Clue.s derived from a se(ju(mee of beds have 
b('en studied in detail under a previous section 
on the structure of the Earth. 

3. Fossils. 

4. Structural features. Folds and faults indicate 
periods of mountain building, unconformities 
rcj")resent periods {)f erosion or non-deposition, 
dikes show a cross-cutting relationship wntli 
rocks— indicating the dike is younger than the 
rock it cuts across. These features have been 
discussed in detail in (he section on the Struc- 
ture of the Earth. 

THE GEOLOGICAL HISTORY OF 
PENNSYI.VAMA 

FRECAMBRIAN HISTORY 

\*er\- little is known about the Frecambrian histoid- 
f)f reuusyK.tnia iM'c.inse nf the scarcity of the rock 
record. Preeaud)i'iau rocks are found in parts of 
southe4tstern l^'Ims\ Ivaiiia. These rocks seem to indi- 
cate that almost one billion xcars aeo this part of the 
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stale was ibe scene loi' xolcanic aetivit)' in the lorni 
of extrusive lava l!(n\s. A few explosive volcanoes 
l^robably existed also as indicated by limited expo- 
sures of volcanic breccias and tulis found in the area 
of South Mt. 

I^ALEOZOIC HISTORY 

During nnich of Palc»ozoic time the general rela- 
tions of land and si»a in the eastern part of the United 
Slates were nearl\- opposite to those of today. Sonth- 
eastein I\'mis\'Ivania was then jxut of the border of 
a great, eastward-extending, continental land mass, 
Appalachia, composed of Frecambrian metaniorphic 
and igneous rocks. Its western shore crossed south- 
eastern Fen ns\ Ivan ia; and, westward thereof, a vast 
sea sprcMcl into the interioi' of North Am(»rica. Along 
the coast of Appalachia in Cambrian tinie were sandy 
beaches (see Plate 1.39). Farther out from shore (to 




I'lalc I. '(9 Camhrinn rrypln/ooiis found in \\\v Millhurh 
Fomi.ni(in ni>ar the villngc of Slicri«laii, Leb- 
anon (^4ninly. 



the west) were laid down muds and limy oo/es. In 
Ordovician time the sea spread farther eastw^ard, 
oN'crwhelming the earlier C^ambrian beaches and cov- 
ering UKiMV of the areas of ancient crystalline rocks 
of Ai^i^alachia (see Plate 1.10). Thousands of feet of 
lime carbonate now seen in the great limestone val- 
K'\s were depositc-d. The limy beds were followed by 
hundreds of thousands of feel of nnid destined to be- 
come shale and, in part, the slate of eastern Pennsyl- 
v.ujia. Thc^ Ordovic ian ended in time of change. The 
ancient land rose and the seas witlnlrcw northwest- 
ward. The Ordovician and ('anibiian sediments were 
s(juee/ed l)\- a force exerted from the southeast. 'Ihe 
>liales, liiuestoiK s and sand.slones suffered changes 
and. ill the east, were folded. Upon these beds wxM*e 
spread a thousand nv luoi'e ieet J)f debris w^ished into 
the bordei's of the sea from Ihe newlv raised land to 




Vlatv 1.10 Onlo\ ifiaii starn*«li fossil from Snatara Capt 
LcIkiiioii (ioiintv, in the Martiiishiirg F(»riiia- 

tilt' cast. Tlit'sr coarse sctliiiicnts l)ecainc the Silurian 
sandstones and coni^ionicratcs of Kiltalinny Monntain 
<nKl oHicr ricl'^cs ol central l\'nns\ ivania (sec Plate 
1. 11 ami LI2». Alter the first uplift comparative {]niet 
continni'tl during Silurian and Devonian times. Much 
of soutlicaslcrn i^cnnsyivania probably remained dry 
land, while over l!ie ?est of the state a thick succes- 
sion of sandstones, shales and an Occasional thin lime- 
stone aecunndalcd. 

Nfost of tlu'se beds formed in shallow water. Be- 
cause their a'^^rc^alc thickness is thousands of feet, 
we as.sunie that die ocean !)ot((jni '^raduall)' subsided 
as the s<'4linu'nts accumulated. 




I'latt' I.I I (M'oloffir Tinu' ^ifrii iuratiMl iwar Ml. I nioii, 
lliinf in^dfiii <'ountv. 
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VUitv IA2 Silurian trilohitr from ihv IXosv Ui\\ Forma- 
tion. Prrrv Count V. 



1'oward the end of the i)e\'onian came renewed up- 
lift t)f the eastward l.uul-niass, Appalachia, so that the 
([uickened (steepened) streams of that region, flowing 
westward to the intciior sea. canied in a tremen- 
dous (|uanlit\ of material whicli brought the ocean 
bottom up to sea level and created much dr\" land 
(see IMatc l. l:>). The coarse-grained sediments of this 
fiuu' formed massi\c sandstones that later became the 
basis of our mountains and the higli plateaus of north- 
er/i Pennsylvam'a. During tlie Mississippian Period 
that followed, the seashore extended across western 
l\'n:isyl\'ariia so that nu)st of the deposits were laid 
down upon a broad coastal land area. This deposi- 
tion was interrupted b\- long peiiods in which part 
or all of (he sttite was subject to erosion. Then came 
the coal beds the i^'nnsyl\•aniau and Permian Pe- 
riods, with niost' of the state alternately just at or a 
little above or below sea le\'el. so that cycles of beds 
were repeated many times (see Plate 1.44). Part of 
the time \asl swamps spi'ead over the state and later 
became coal beds. 

'I*he Aj'jpahicbiau Hevolutinn closed the Paleozoic 
era and gi'eat pi'essm-e fi'om the southcr»st folded die 
thousands of feel of r(K'ks as one might wrinkle a pile 
of blankets b\* pushing on one end. At tb(* southeast, 
(be rocks wctc pushed into a?! indescribable jumble; 
between 1 larrisbnrg and Altooiia, gieat folds miles 
high w^'r(» b)ruuMl. This folding left some* rocks of 
central Peuu A l\ aui.i standing mor(* or less vertically. 

Hei'c and tlu*re the h)lds broke and one side was 
slioN'ed across tlu' oilier side. In western I^MUisyl- 
\auia foldiui!; IxucUne gentle and died out. 
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MKSOZOIC IIISTOKY 

\\ lien tlif prcssnrt' was n licvod, the ciiist at tho 
vAst liiider (lie oltl land iikhs colLip.scd or snhsided to 
lonn a \ou<^ troiP-!;li aciH)ss souilieastorn rcnnsylvania. 
Into tliis latdt-cut lowland streams i)ron^Ijt scdi- 
nionts. win'tii piird up thousands oF feet in tliiekness 
in Tria^sii* tinu*. Eventually, nntponrinirs of lava eut 
thrnirj;h tlitse strata, forming the trap rocks of south- 
uasttTn I'enu.sylvaiiia. 

Vnr a loni^ time alter liie ioldinu. Pennsylvania was 
part o[ a ^reat hind mass slowly wcarinG; down. At 
first, (hnini: the Triassie and Jurassic- periods, the land 
ina^s inehidrd most {)f Xorlli Anieriea. In Cretaceous 
limo tile edi^cs ol this land mass suhsitled and sedi- 
ments were dej^osited on its eastern and soiuhcrn 
fdiies. W lielher any ol Pi nnsylvania was at one time 
t()\t red hy sueli sechnunts is not certain. Probahly 
as sinkinii took plaee on tlie t*di^es there was some 
uplift in the center. 

TKNOZOIC IHST(UIY 

C.*retaeef)ns time, the last of tli(^ Age of Reptiles, 
was followed l)\- [hi- Tertiar)- Ai^e of Mannnals. Dur- 
ing most of tln^ time, Pennsylvania was [)robably a 
land of low relief, risin^i; steadily as the edt^es of the 
land niass still subsided, and received sediments of 
Terli.iry Ai^e to the east and sontli. Only small traces 
of these sediments remain in Penns\'lvania, capping 
the divides in tlie IMiiladelplua area. 

In late *!*ertiary time the streams be^an to deepen 
their ehamuHs. I'plift centered across the State in a 
iiortli-soutii line tin-ou<ili Altoona. As uplift and chan- 
uc\ sinkiui^ continued, tlie belts of softer rocks were 
etched out into valleys. The main streams kept their 
coiu'ses (h)wn the slo[)es of the rising land, cutting 
deep notciies across the harder strata. During the 
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1.44 I'ciiii^^vUiiniuii f«*rii fossils fnmi llic Southern 
Anthraritc FirM, Schuylkill County, 

process, a slrui^i^le between (hfFercnt streams for 
supremacy set in, some streams being favored by 
slu)rt(T distance to the sea, or in having fewer or nar- 
rower hard 'strata lo cross. As a result, the whole sys- 
tem {)f drainage has been modified. Regions of both 
folded and flat- lying rocks, through uplift and erosion, 
have been carved into mountains and valleys, plateaus 
and ravines. The final result is the surface of today, 
with flat- topped mountains cnt by deep, picturesque 
water gaps, and deeply dissected areas of generally 
accordant upper level. In the last minute of geologic 
time, as it were, ice which bad been accumulating in 
Labrador and west of Hudson Bay, advanced to cover 
large areas in the northeastern and northwestern parts 
of tlie state, widening sonu* vallcy.s, filling others with 
debris, leaving a mantle of till over the whole surface, 
and forming nioraiiics aiul other hilly deposits where 
the edge of the ice stood still for a time. Many 
clianges ill drainage occurred and wlien the ice 
melted and retrc^ated. choked valleys created lakes, 
and streams diverted from their former channels often 
produced waterfalls (Figure 1.28). 
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Laharatonj i'xcrcisc: A pri)blcrn in ihr itlentifica- 
lion and ri^n'talion i>[" (olds and fatdts iiiiirlit he 
iiitnulntt'd lk'r<' to ludp stmli'iils iiit<»rpr(»l iUc 



'^t oloiiii' liistiiry of an area. Tlio students sliould bo 
askt'd to list tlic steps in tlio gt'()Iou;ic' liiston' of tlu- 
rctiion dt'scrilicd in Figtnv 1.29. 




FiKiir<» 1.29 A tlypollirtirul Cross-srolioii Thrnujsh Soiilhonstrni Pcnnjiylvaiiia. 



AtisH iT: The lollowiii'j: is a list of thr i^ooloi^tc for- 
inalitnis and cxi'iits From oKU-st to yoiini^i'st statini!; 
tlu- uritt-ria mm-iI to dcHi-nninr iwvh iclatioiiship. 

1. TIk' (iahhroic (iiu'iss is the oldest of all the 
r<>elv>: it is <tKlcr tlian the Ual)hrn because th(^ 
U.d)l)i<) intuhhs the u.ihiiroie i^iieiss. 

2. 'I'he ^abhro is older than the Cardiif Con- 
glomerate heeanse (il the law ol stipei position. 

S. I^n)^ioll is ohh r than t!ie Cardiff C^Jn^l^>nlerate 

beeansi- of the uiieonhnrnable relationship l)e- 

tween the uabhro, t!ie ^abbrnie gneiss, and tlie 

Cardiff ConuI<>nierate. 
r 'Hie Carcbff Conulomerate is oUier than tlie 

Urauite bee<nisi' the eonL^lonierate is - itrnded 

by the ^raIlite. 
o. The Cardiff (a)nulninerate is also oh -r than 

the Peach bottom Slate because of t] - law of 

luperpositioiL 
a. 'Ihr Peach liotl<MU Slate is oUU than the 

ijraniti' abo bei-ansc it ton is int' .dcd by tlie 

•Jiranil'c. 

7. KoKbnu (jf die fjriuinally ilatdyini: C!ardiif Con- 
ul.)m<*r.ite .md Peaih Bottom Slate lormatinns. 

S. The 'iranitt' is (Mrr than the bryn Mawr Kor- 
ntaM'tti belau^^■ it dncs nol inlnnh' i{ 1)nt 
v(Mm'4« i* than tlie foldinu an<l the slate con- 
L^lonM'rate formations heeaiis<' it intrndcs them 
.dter tbi'y were folded. 

<^ I 



9. Erosion is older tlian the Bryn Mawr Forma- 
tion because of the miconformablc relationship 
between tliis I'ormalion and the liranito. 

10. Hr\n Nhiwr l^'ormalion is older than the IVnii- 
saokcH Formation because of tlie law of siiper- 
[losition but younger than the ,<j;ranite because 
the uranile does wot intrude it. 

11. The l^nnsaiiken Formation is older tlian the 
C>ape May Formation because of the law of 
superposition but yoim^er than the Bn'n Mawr 
Information because of the same law. 

12. Cape \la\' Formation is older tlian the ser- 
ptMitinite lu'cause the serpenlinite intrudes it 
but yoimL:(T than the Pennsauken Formation 
))ecanse of the law of superposition. 

13. Tiltiniz: of the (nii^inally flat-lyiu<4 Bryn Mawrs. 
I^Muisanken. and Cape May Formations. 

I I. Serpenlinite is older than the tjlaeial drift be- 
cause the serj^entinite does not intrude tlie drift 
but is yonniier tlian the Cape May Formation 
and the tiilinu because it intrudes the lilted 
Cape May l'\)rmati()n. 

Krosion is older th.ui the glacial drift* because 
the (h-ill is th-posilcd upon the eroded sinlace 
of many of the formal ions and it is yomiixer 
tlian the siTpentim'tc* liecaiise the ser]>entinile 
is also eroded. 



Stmii'iits sliouUl loaru linu to iiUfipn t tlio ^colog',.' 
liistDiA- from a i^colouic iiKip ami U'^cmkK 'i'liis is ospr- 
tiall\- trnc ol" carli sihooTs arra. Stiulciits should In' 
t'luouraufii U) I'sti^atc tlu- stiiu turr and urolo^ir 
liistnr\ nf tlif rocks near tlK'ir school and home. 
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ENVIRONMENTAL GEOLOGY AND >L\N 

Major Toptrs Explorod 

Derimtion of En\ironnu*ntal Cieolo^\ 
Importance ol ICnv ironmental Ceolo'^v* to Man 
I'sefnlness of iroimiental Cieolo^v* to Man 
Environnu'ntal (rcolo^y T^ictors 

*1 o])oUra))h\ 

W'.iter Besonrces 
,4\m^ineeriiiu CharacttM'istics of Bocks 

Mineral Besonrces 

\\ lial is <Mivir<MiiiH'iilal ^xiMih^^y? 

Enviroiinu ntal (ieojo^y is the a]>plicalion of ^eo- 
louie prnieiplf's to the wise use anil improviMiK'nt of 
man > environment. 

B\- the late I960*s the interrelationshi]) of topo<l- 
raphif. stfil, rcrk. uatcr rcsottrres, and fniitcral rc- 
stmrrcs Was lonsiden-d in cvalnatinu any portion of 
our natural eii\in>nni< ;/t. *I*he application of all 
^eoln^ie priiuiplrs to the wise Use. as well as im- 
pro\cment of (his <*nviroiimenl. became known as 
**En\ iromii('tital ( ieolouy *. 

I'>(|.i\ tln' m'(>lo'_lists ( .t!i and should make a si<j;m'fi- 
cant eontrihntion to the general o\< r-all wise ntili/a- 
!ion .md inipro\-emrnt of man's t<ttal en\iromnent. 
TIk v AH' makiniz (his im-w discipline iunetion in all 



segments of onr soelot\*; metropolitan areas, the snb- 
nrbs. rural areas, and even in remote mountain areas. 
l'he\- are combinim^ theii- talents with tlujse of oflu*r 
scientists, socioloi^ists, architects, and connnunity 
planneis to bulkl b)r the future. 

W hy is riiviroiiiiienUil <<:coIo<<:y important? 

In the ver\ near futmv, an incrca.scd population 
ti ill accelerate land titilization and tlie people-to-land 
ratio will compound man's jirobleins and his wise use 
of the land. 

The need for round water will airoic throu<ihont 
the world, esjict ialK* in those areas where surface 
water is in short supply or \v1ut(» space and economic 
limitations prevent devclopnu'nt c)f surface water 
storage. 

The tost's of construction in or on rock are directK' 
related to the strength of the rocks, relative satura- 
tion bv uround water, weathering characteristics of 
the rocks and (»dier ^eolo'^ie criteria. If a foundation 
fails, these cost's soar. 

The stability of slojio ctit into rocks lor hiuhways 
,uid other cuL:ini'erin<j; slnulnrcs is a very important 
olcmiiit in considering fe.isibililv atid the econnmics 
of a ])roject. 

It has been estimateil that' in I'ennsylvam'a alon<\ 
12 millinu resideiits pro(hice and disiard 60.000 tons 
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of solid waste a day. TIic safe disposal of tliis solid 
waste is a prohlroi for cvrrv coinmunity. 'Ihc* hft- 
{rr ihr fominiiiiit) niHUrslaiuls its UtN^loiiic ciiviroii- 
iiu'iil, ilk' more assiirt-d it is of pioper solid wastr 
loaiiam'iDi'iit. 

Tnimi'ls tliroouli inoiintaiiis or uiulcr rivrrs. soar- 
ing hridi^t's or towcrinn dams rcflctt tlit' role of 
m-olo^y ii) deteriiiiiiiii^ tlieir safe loeation. design, 
and eoiistnielioii. 

Safc'ty eoiisciousiiess is partieidarly important iii 
e()mmninti<'s where pressure and competition for laiid 
has resulted iu eonstruetion on unstable slopes, in 
known landslide areas, over active faults, and in flood 
l)lains. 

How may riiviroiininital ^roio^y ho usimI? 

A thorouiih understandinn of the topo,nraph\' al- 
lows a hiuli. seeiiie \ isla o\ erlookiir^ an urban area 
to be used for sometliinn aj)pri)priate anil not lor a 
junk yard. A iletaiK'ii flooil-plain map and report 
spells out tile tlanner of lotdtin^ .1 housiui^ subdivi- 
sion on a Hood plain and ]")ro])erI\ advises its use for 
aurietdture or recreation. 

Certain roek units are very suseeptible to roek falls 
and lan(lsli{les. Hefoic and dmim; the exeaxation for 
hi<4hwa\s, schools, and other ka^e buildiiv^s. ^eoloi^i- 
eal studies are uec-ded. *I'lie conelusions and recom- 
mendations il( \ eloped b\ the ueolo^ist' are utilized by 
the enuineer iu the desinu of the road or building, 

Knviromnental iieoloi^y can be utilized to solve ex- 
i^liu'j; problems concerning man-made features or 
natural fealiu'es or to rehabilitate additional laud that 
is pre<ent!\ tuisuitable. This ma\' iuNoKe ihc restora- 
tion t)f abandoned tLoal mine strip pits thereby releas- 
ing waNte land lor recreational or otlu^r tise as well 
as abating water ]")ollutiou. Special hazards such as 
landslides and land subsideni i* can be recognized 
and alli viated or eliminated. It ma\' mean the use of 
abaiuloiied rjuarri^'s lor sauitar\ lanilfills. swim clubs, 
or tor a thous<uid and one other uses. 

In man\ urba/j areas it i\- imj")orfant tlhit tlu* loca- 
tions and depths of subsurface eo«d mine workiuus be 
arcur.itrl\- known to iiisiu'c that certain jireeautions 
are taken in industrial site seh'ction. Construction 
with proper uiodificatious ma\ then be madr iu these 
poteu'iallv ha/a?"doiis subsidence areas. 

The qu.in!i{\. <|nah*t\-. and iunuediatt* aVailabililv 
of lo(.d uidu^trial mineral deposits should be consid- 
enai !)y the ((Mmuunity. The nearby extractioi; of 
c^)u^trul. t ion uiin<'i"aN }la^ a definite eiiec t on the c om- 
muuitys ippt-. jr. on e. fntnrf 'grow th, and l Ost n\ bnild- 
iim ]n*ouranis. 

Sinkholes u)a\ oieur wh< re\<'r limi^stone and dolo- 
mite are (lie bedro- k. Sinkholes have hei ii known to 



rob ( reeks of their water. destro\' farm and commer- 
cial land, damage buildings, and endanger lives. All 
construction contemplated in the limcvslcme-dolomit'e 
areas should have extensive fotmdation studies made 
l)rior to building in order to eliminate possible failures 
and added costs. 

KNVIKCINMKNTAL GEOLOGY FACTORS 
To|><><xru|>hy 

Natural features are probably the nu)st stable part 
of our tt)tal enviromuent, since the soci<d and ceo- 
riomie aspects of it are changeable and subject to the 
moods and desires of societ\ . The only boj)e is to be 
good managers of our own acticins by living in har- 
mony with \*our natural environment. 

Slope maps are extremely useful to the builder, 
construction eniiineer. j)!aimer and (itbers. The con- 
struction, economics and engineeriug feasibility ol 
certain projects may be strongly dependent upon the 
decree of slope in a particular area. On -lot sewage 
disjioscd may be adverseK* idlVcted b)- steep .slope 
conditions. Some local governments have already 
developed oii-lot sewage ordinances wb(»re slope con- 
ditions play a major role in detennining the aeeepta- 
bilit\' of a soil for the disposal of sewage. 

A topograi)hy rnap is used in the determination of 
the sIoi)e of the land. Slope may be ecimputed directly 
from the toi)ouraphie map by noting the relationship 
between vertical elevation and horiz(intal distance. .\ 
■s/o/K' map ma\' be drawn showing areas of equal 
ranges of slope in pcreerit. 

I'^lootl plains, or areas adjacent to streams whicli 
are subjected to lloodinu b\' periodic high water flow- 
iiig iu the stream bed. arc* important to the farmer, 
builder an{l Hood control engineer as well as the 
planner. Land use for a flood plain area is usually 
limited b«'cause of the public safety factor and tlie 
etouomics of ]')rope:ty loss during flooding. If a flood 
l^iain area is to be utilized f(n' constructi(in, agrieul- 
Inre oi- recr<";itiou it should Iu* recognized and devel- 
o]->ed accordiiiuly. 

I'^lood plain topography ma\" be (ibtaiiu'd 1)\' inspec- 
tion of a toi)oi:raphic majr A flotnl plain laap wuiy eas- 
iK- be l oiistiucted bv outliniu'j; known flood areas on 
a topouraphit map and tiotiim tlu* high-water eleva- 
tions and the frcMjuencN- of fhirxliu^ to these elev<itions. 

W ATKK RKSOI HCKS 

It is estimated that by the \far2()()(), withdrawal of 
sinl.ire water will total 900 billion gallons per day or 
al)on{ SO jicrcenl of a\ailable stream flow. In order 
to meet this demand. stoiM^e la(ilities will have to 
iucKMSe and !)e located in sJrati'tric places. In addf- 



ERIC 



tion, tlu* use of urornd water will increase unci 
artificial rechariie of suhsurfaee aciuifers will be 
widespread. 

Surface Water 

Our supply of surfaee water may seem relatively 
constant over a lonii period of time, but thii supply 
is snhjett to sharp ciirl»ulinent. yearly by drought: or 
for extended periods of time by polhition. 

The first key to nooil water management is the col- 
lection of specific data on the surface water. Surfaee 
water data is published annually in two volumes; 
Water Hesource Data for Pennsylvania—Part 1. Sur- 
facr Water Ihcards. and Part 2. Water {htality Rec- 
on/.s. The information contained in these two volumes 
may he used in three principal ways: 1) the* culciila- 
tion of discliarne or total volume of surface water 
available in a sj)ecific area. 2) determination of water 
(piality in referciu-e to use of wati*r and potential 
health hazards of water, and 3^ in the determination 
{)f flood frequency and Hooilini^ potential of a stream. 

(I rout 1(1 Water 

The reserves and (piality of ground water present 
in the r(H ks are important. This vast, ri'lativcly un- 
tapped water supply is a \alual)Ic* asset to a commu- 
nity that anticipates population and industrial growth, 

Kvery region, and each rock foniuition within the 
region, have special characteristics that nnist be de- 
fined that will ultimately provide the clues to the 
fpiantity and cpuilitv of ground water available, 

KN<;iNKERINC; THAR ACTKRIS THIS OF R0<:KS 

Most construction takes place on or into rock. 
Where structures are placed and how they are de- 
signed, built, and maintained shf)uld depend in part 
on the ciminecring characteristics of the surrounding 
rocks. 

How will the roiks invoKinl react when they are 
wet or dry. wlwn the\ free/e and then thaw, when 
the dip of the rocks is flat, gentle or very steep, or 
when thc\ ar<' subject to earthquakes or large-scale 
subsidence':^ 

Fi'w who travel through the white-tiled tunnels 
.iloug thf Penns\lvania Turnpike and on soaring 
bridges over the .MIegheny and Delaware Ri\'crs 
realize lidw the details of geoIog\- affected tlu» loca- 
tion, design, auvl c<^nstrtictioM <>! these engineering 
works. 

I\\f at:afi<)ti of Ho( ks 
('ertaiu characteriNtic s ol roiks relate to their ease 
of excavation, i'he degree of weathering, the minimal 
composition of the rock, the structure of the rock 



mass, and tlu* porosit\— permeability of the rock ull 
contribute to the deuree of difficulty involved in exca- 
vating it (Plate 1.45), 




Plutr 1.45 Kxruvatinn for 1-80; Juniata Formation ox- 
posrfl wvst of the* I^ni^antnii Intcrrhnnge in 
I'liion Ooiiiity, 



Based on tluvse same rock characteristics (degree 
of weathering, mineral composition, structure, and 
porositN'i'KTmcability ) . the geologist is able to pre- 
dict tlic relative drillability of a rock miit, thereby 
allowing others to better estimate time and costs of 
drilling oj'XMations. 

I' oandatinn Conditions 
.\gaiu, certain rock characteristics arc essential in 
determining the stability of any foundation. The 
depth to bedrock, estimates of volumes and direction 
ground-water movement, location and depth to water 
table, strength of the rocks, degree of weathering, 
and com])ositi()n of the rock are critical aspects to be 
cousidcred in a founiialion site elevation (Plate 1.46). 




Plntf 1.46 .Sinkholes onrnuntcred in building !ntor*itatr 
80 in (Irntrc Onunljr. 
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IvK'k litlii)l<)Uv. slnu lnrc of llir roi k nuiss ( dcscrip- 
linii .iik) orit'iil.itioti (if lirddiiii;. jdinls, and faidts), 
qnimlily .iiid dirci'tion of ^roiuul-WMlcr How. plus 
other iiiiii(»r uroloi^ical factors i (intrihiilt* to thi» dcv'ol- 
opini'iit of a stable or iinslable roek nia^s on atu' iium- 
inade slopt- ( IMate 1. 17 ). 

A detailed ueolouii-.i| in\ (*sliU;;ti()n is important in 
deterinlninu the stal^ility of tlie rock mass about to be 
altered by man. 




Platr 1.17 KiMklnll in <*aiif]«>toni'<« ^^lt^toll<•^ iirar 

DiiHoiM, (.Irarflrlil (iniinty. 

SfthsiilciK c 

I he loeation <)! (h'cp iUid snriaee, inaetive and *ic'- 
ti\e. nnnes i> important to those eoiieerneti witli the 
>iibsidei}tr of surhire tonshnetion. vwitfr pollution 
abatement, .nul a eontinuini^ snjijily of tiesli siU'faee 
and uronnd w.iter in jicas where iiiinin^ has or is 
prune to take plaee. 

It is partii idarly \ ttal to know the t\'pes of mined 
minerals, the compt jsition of tJie Waste roek st{)ix'd at 
mined siU s. ihe (piality oi the water in strip pits, the 
possibility. 1)1 sfri[) pit leakage to suilaee and '^ronnd 
wat<r n'str\'»irs. and tiic root tliiekness over the 
rmiu'd-ont areas. 

Solid W'd.sic Dlsjuisal 
Sdlid wasti' dispos.il is one (A the principal < oneerns 
larinu tlu" nmnieipal offic ial and the plannei" of todav 
\ Vl\\r LIS >. 

\!l s.milaiA I.Midf!!! < i.mm ( ions must eonfoim to eer- 
f.iin sf.oidards se t by ih,- Prmi^\ Iv.niia Dep.ntment oi 
lleahli. I't rmit jpp!iratif)ns nm>t lontain a topo- 
Urapiij. iit.ip ol Ihe prof>Msf <i fill aad adjaK'ut area. 
In ad'htif>ti to liif t( )po*.^r,tphi'. inform ition. the op- 
' mNt ol i\n ijiidlill ni'i^f Jill lndr .i ^oiU. U'olo'jie and 
^roundw afej- n poi t ol ihe ( li.n ac tei istit s o| the pro- 
p<»M- 1 site with his app!i(ation. 
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iMati' \.\H V 'll*ittanuf£«-<I sanitaiy laiiiHilL Dauphin 
bounty. 

The env ironmental Ueolo^ist with his experienco in 
ph\sioi;raph\'. u;eneral <j;eolo^\„ i»;round-water availu- 
bililN. and the enuineeriu'j; eharaetei'isties of rocks, is 
ideally suited to the iiivesti'^atiou aiul ev'uhiation of 
jiossible sanitary lantlfill sites. HecoHni/in^ tliat tlie 
safe disposal of this solitl waste is a pn)l)lem for (3Very 
c-onummit\-, tlie ueoloi^ist and th(» eommnnity working 
touelliei' to better untleistand tlie natural cinironinent 
will assure a wise solitl waste management proi^rani. 

mim:k\l kks(u k( ks 

in earlier \-ears th<' most \alii.ible miner.il resources 
extracted were metals, but in I'cecnt time industrial 
(uonmelaHic^ rtunerais Iiavc t^reatl\ increasoti in im- 
portant e. 'I he curi'ent i^i'oss \'alue (if all indn.strial 
un'ner.d protlucts annuali\" exceocis tliat of metallic 

OI'CS. 

These indnstrial mineral resoiu'ces consist oi solids 
such as coal, limestone, saudtoue, and shale, t)r licjnids 
such as oik Ol' leases as in the case o{ natmal gas. Most 
of these deposits are abuiidantU' distributed but tlieir 
v.ilue often depends on the ability to use the raw 
luati'rial near its source. 

The full utili/atiou oi all mineral resources should 
be considered in developiim a comnmnity's econciiny 
.Old oftr!itiuies ( fiirsidfiatioii should be given to actn- 
a!!y j)roiin>(inu (his iilili/ation (Plate I.lfi). 

A )itiu<'»iil n siiio'cc map as j)i"oduccd by a geologist, 
defines till .'xact limits ol tlu- mineral deposit as well 
as its e\act location within a politieal area. 7*Iiis rnai), 
with a descriptive le^i'ud. destribes the rock fonna- 
(lotis of (he an a in detail and poinN out (h(»se forma- 
tions most 'ikely (n be oj value to the loinmunity and 
\\liat tli'-'i poteuti.il use ma\" be. 




Mineral iAfractUni and Urbanization 
It is iiiipnrtaiit to kiKAV ihv r('st rv(.»s anv liivcii 
iiiiiicral (lrj)(>sit. It tlicsr reserves are not kiiown, nr- 
]>aii and snl)nvl)an developiiieiits may be allowed to 
rxpaiul to tlie wry limits ot active (iiiarryiii^ and be- 
fore the eonnnimit)- realizes it, tlio operation must 
elose. Tills closing ol a tnineral iirodntinu operation 
not oni\- means tlie loss of valuable minerals, but also 
a loss of eonstruetion !!iaterials to tbe community, pos- 
sible loss of jobs a!id revenue to the area, and higher 
eosts for tbe same nuiterials from fartliei' away. 

One ansvvei to tlie i^rowin^ sliovta'^e of land is mul- 
tiple use wherever possible. Mineral deposits van be 
(inarried; the land ean tlien be made available for 
incbistrial parks, honsint; d(*\ clopments, recreational 
sites, or just plain i^reenspaee. 

Association of I'aiuineerin^ (ieolouists ( Uif)5), Geol- 
Oilij and I rhan Dvvrlopnient. Sjieeial Fublieatiou, 
Los Anmles Section AEC. W (). Box 4215, C;len- 
dale, California fJl2()2. 

('onnnittee on (ioveinment Operations (1969), Ef- 
fects of ropidafinn Clrowih on Xafnral licsonrccs 
and tlir Envinnuncnt, House of JU-prcscntatives. 
\ i net \ first Compress. 

ilnvivonnicnt . Moitthly. St. Louis, Missouri, UKiS. 

Flawn, Peter T. ( 1965), Gcolomj and Vrl)an Develop- 
ment. Baylor ( Jeoloijieal Studies, Bull. Xo. 8, Baylor 
L'niversity, 

Hackett, James E. and Murray H. McComas ( 1969). 
Geoloinj for Planninu. in Mellcnnj County, Illinois. 
Illinois Oeolo^ical Survew (areular 43S. 

ERLC 



Hayes, William C. and Jerry D. Vineyard (1969), En- 
vironnicntal Geolo<itj in Tonne and Country. Mis- 
souri (Jeologieal Surevy, Educational Series No. 2. 

Kent, B. M. and others (1969), Geology and Land 
Use in Eastern \Vashin<iton County, Pennsylvania, 
i'enhs\ l\'ania (Jeoloiiieal Sur\ey, Bulletin G 56. 

MeComas, M. H. (19pS). Geolo<iy Related to Land 
Use in the Ucnnepin lic^ion, Illinois. Illin(ns Geo- 
loj^ieal Sui\c\'. Circular 122. 

Mellarg, Ian (1969), Desit^n with Nature. Garden 
City, New York, Natural History Press/Doubleday. 

Schneider, W. J. and others (1965). Water Resotirees 
of the .Xppalaehian lie t^ion— Pennsylvania to Ala- 
hanta. U. S. Gcoloiiical Survey, Hydrologic Investi- 
gations, Atlas HA-19S. 

Stuart, Schneider and (Jrooks (19f)9), Swatara Creek 
Basin of Southeastern Pennsylvania— An Evaluation 
of its llydrolo^ic System. V, S, G. S. Water Supply 
Paper 1S29. 

( liJ66 ), W ater llesotirecs Data for Penn- 

sylvania Part 2. Wafer {)tiality Reeords. Water Re- 
sources Div., Harrisburg, 

I . S. (Geological Survey (1967), En^fi^ineering Geolo<iy 
of the \or(heast Corridor, Washintrton, D. C. to 
Boston, Massachusetts: Bedrock Geolos^y, Surficial 
Gcoloiiy, Eartlujuake Epicenters, Geotliermal Gra- 
dietiis, Excavations and Borin<is. Mise. Geologic 
lnvestigati(ms Map l-l-514-A, B, C. 

I'. S. (ieologital Survey (IfKjT), Water Resources 
Data for Pennsylvania, 1967— Part /. Surface Water 
Records. Water Hcvsources Division, Harrisburg, 
Pennsylvania. 

65 



General References The Earth 

AnuTican CJeoloi^ieal Institiiti\ P(i))rrh(ick Books For 
Earth Science Teachers, AGI. Wasliington. D. C 

Fraser. H. C. (1961). The IlahUahle Earth. Basic- 
Book Inc.. N. Y. 10()I6. 

Geolojjical Society of America (1970), Catalog of 
Works hi Print' W69'7(K P. O. Box 1719, Boulder, 
Colorado 80302. 

Gilluly, J., Waters. A. C, and Woodford, A. O. 
( 1968), Principles of Geoh^iy, 3rd Edition, W. H. 
Freeman. 

Holmes. Arthur (1965). Principles of Physical Geol- 
Oi^ij, Houuid Frcss Co., \. Y. 10016. 

l.eet, L. D. and Judson, S. (1969), Physical Geology, 
Prentice Hall Inc. 

Lonirwcll, C. H. and Flint, R. F. (1963), Introduction 
to Physical Gcolou^y, John Wiley & Sons. 

Maf.HT, Kintlc) F. (1968), The Earth Beneath Us, 
Random House Inc., X. Y. 10022. 

Peiin^^ylvania Geological Survey. Pennsylvania Geo- 
logical Publications (1970). Bureau of Topographic 
and Geologic Survey, Main Capitol Annex, Harris- 
burg, Pa. 17120. 

Shelton, John S. (1966), Geology Illustrated W. H. 
Freeman & Co., San Francisco 94104. 



University of Illinois (1967), Air Photo Repository, 
Catalog and Individual Air Photos, Urbana, 111. 

U. S. (Ji'ological Survey, Popular Publications of The 
Geological Survey, Information Office, Geologic 
Survey, Washington, D. C. 20242. 



FiliiiH^ FiliiiHtrip8« and Other Visual Aid Materials 

American Geological Institute. Directory of Geosci- 
cnce lubns. 2201 "M * St. NW, Washington, D. C. 
20037. 

Color Slides For Geology. Cat. No. CSG-66, Ward's 
Natural Science ESTB, Inc.. P. O. Box 1712, Roches- 
ter, N. Y. 14603. 

Life Filuistrips, The Earth is Born, #201 The World 
W e Live In Series. LifV Educational Program, Box 
834, Radio City P. O., N. Y„ N. Y. 10019. 

, The Xot-So-Solid Earth, #215. 

Earth*s Magnctistn, #221, 

U, S. Dept, of AgricultVuT, Motion Picture Catalog, 
Handbook #14. Office of Information, Washing- 
ton. D. C. 20402. 

U. S. Dept. of The Interior, Film Catalog, Director of 
Information, Washington, D. C. 20240. 



The Oceans 



ERIC 



INmODLCTION 

OcetUio'^niphy is otii' of tlu' most active fields ot 
stii-nlilii.- exploration at tlu- prrsrnl tinie. l-'oretin^sl 
atnoti'4 the atFciirii'^ ctmaiZi'tl iu itivesti'^atiiig the 
problems of the oeiMUs ami CNtuaries are the I'. S. 
Coast aiul d'odctii- Stirv^'v and llir 1'. S. N.ival Occan- 
oiiraphir Olfiee. 

()i •MtioL^raphy is not itself a seiciu-e. It' is the appli- 
t atit)!] ot the basie scieiucs to the stiuh" of the marine 
environment, Simi* this i^ (lie ease, thrre are four 
braiuhcs: I ) ncolo'j^ical (Hcawonraphu wliieh ranches 
from ^tiKl\"in'4 the oriuin of llie oeean basins throuirb 
the origin ol sim floor Imdlorms to interpretini; tin- 
past hislor\' of the »)c('ans anil estuaries and tlu'ir 
fanna aiul ilora from the scdinii-nts on their floors; 
2 I })ht/si( <il (KCdtiOi^niplnj invoh in-; stndirs of (lie ti'in- 
peratnri" and (. ircnl.ition ol oi tMuii watiTs; 3^ cIk'hu- 
cal iu ('auoiira\}li[f \\ hi( h in\"o!\ i's the .m.dysis of svw 
water to determine its mineral eonletit and salinity; 
and 4 i })'\oh*'Z\cal oci'anoiirdplwf whieh focuses on the* 
(H'Uam'sms inhabitinu tlie water, their prinian^ pro- 
dnetivity. ete. 

Tlie stiid\' of the oei'.uis is fine of the best intef^r;itors 
in the K;irth Sciences because nuich tliat is taking 
plaee in tht- (U'cans is related tcj meteorology, astrcni- 
(jmy and ^eolo^icid processes cm tlie land. For c\\- 
amplc\ the r^'laiion betwcHMi oee;inie currents, sneli as 
tlie Cnir Stream, and the pianetar\- wind system; the 
faet that the air is tlh* medium wherel)\' water is trans- 
ported trom the oceans to llu* land; the* eorrc^lation 
betwcv'u the cunouut of sohir radi;ition received and 
the s;dinit\* of the sea water; tbe coastal ch;umes 
wrought by mariu(* erosion; tVa' relation between 
temperaltire and organic life in the water; and the 
eliani^es in sea level broni^ht about by a;laeiation and 
des^Iaeiation sliow that none of the c\u'th sciences is 
a field of studv unto itself but is related to all of tbe 
oilier seieriees, 

FIFXDS OF STUDENT INVESTIGATIONS 

Oecanoi^raphic Surveying and Hesearch at Sea 

Wiives. Tides .md Oceans 

Gc*oI<)^\- of the Oceans 

l*h\ sie;il Properties of Sea Water 

C^hemistry of Sea Water and Its Importance to Man 

liiolo'^ical ( )ceaaof;raphy 

(ajuserwition and the Importance of the Sea to Man 

OCEANOGRAPHIC SI RVEYING AND 
RESEARCH AT SEA 

Three (piarters of the Kartli is covered by water, 
wluj is .so nnif'h !!i(*rc knou n nhotit (lie land than the 
oceans? 

ERLC 



Major Topics Explored 

Oceanonr.iphie xessels 
iustinment.ilion 

Dilliciilties of man explorinir the ocean to any depth 
have hampered exploration of the seas. Scuba clivers 
and bard-hat clivers can penetrate only shallow depths, 
submarines a little deeper and specially dcvsigiied 
vessels like l)a(htjs(V}>cs have reaclu^d 13,284 feet. 
These Vessels c.ui descend U) the dc^epest part's of the 
oeean !)ut their lateral mobility is very limited. 

h'or the most jiart. sjiecial instruments must be used 
to explore the oceans and most of this exploration is 
carricnl ont from an ocean -surface research s]\[p. 
San.srn bottles are used to brin^ up water samples. 
Sju'cial thermometers take ocean temperature mea- 
surements. Keho-sounders record depth data. Sub- 
moriwe cameras t;ike oce;ui bottom pictures. C(mn<i 
tubes ;md scoops are used for ii.itlu^rini; sediment 
s;unples and now special drills are operated from ships 
or drilling platforms to brini^ up cores of sediment 
and rock from the se;i floor. 

In neu(*ral. however, i^atherini^ data about the 
oceans is more difTicult and costly th;m studying the 
contiiuMits and hence much more h.is been le;irned 
about tb.e land. 
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WAVKS. TIDKS AM) CI RRKN TS 

li> hi'Lliii a ilisrUssjiMi .il)»mt tlic oceans. \\ " siimj;i ^t 
'li.ii Irjrliris .isk: l!i>u fiKini/ «•/ ///(• ^'fc.lcnfs lunr 
t'\ {-r sfT// ///(• (H iumf ami ask llitisc who juNc: \\7/^// 
(lid it liuik like." 

Doc riptioiis w ill jlmost crrtaiiily iiU'liitie w aves. 
iii.i\l)«' {i«U's aihl p< rliaps tlic < njor o| liic ohmh. 

Major 'i'n|iirs Kxplorcil 

Wavrs 

1 )t'fiiiiti( m 

Snrlarc wa\<-s and t liarai tt'rislii s 

iiri-akt is and snil 
I )rsti I n ti\ r w a\ cs 
Tides 

1 idc • 1 u (►diicinLC Inrics 
.\str< inti'iiM al tides 
Vh'leoroln'iii al tides 
Tidal l)nre 
( .nrrents 

I .ar'ji;t' SI ale eni i^'iits 

(.'inTents relatetl to tlir distrihntion of densit\" 
Kdeets (il w inds on ciirrents 
Tidal c urrents 

\\ lial <*aiisrs wa\rs at s<-a? 

Oceanic- water is almost alwa\s in motion. Waves 
ar<' lorrntvl hv tJie wind blowing on the snrlaie {){ 
the watei*. Whci a rope attaeheil to a post at one 
end is lield in yonr lund and snai)pe(l, a wave pat- 
tern nmves aloiiLC the ro])e. Another ('X.iiiiple ni waves 
may he seen when yon drop a stone in a pool ol 
water. So it is in <leep w.iter. thr* wave pattern mnvi's 
alon^ tlh- snrl'aee hnt the indisidnal water parlieli-s 
tend [{} move in a eirenlar pattern, forward orj the 
eiest ol thr wa\es. hiekwards in the tronuhs. 

W lial caiisr^ ihr hciirhl i>f uavrs? 

The Ih'ii^ht ol Waves de])ends on the wind veloeitw 
its dnr.ition. (he water depth and the distance o\i'r 
which it 1)I( »w s ( fetch >. 

W lial <*aiisrxi IIk' surf or hreakrr?*? 

\s a wave ap])roaclies the shore, (he wafer (h'pth 
he< onies less which tends to pnsh the wave heii^ht 
npward nntii the top falls forward forming ;i breaker. 
'The water in the hnMkcr crashes downward and 
rnshes op on the heaih, 

W lial is a riplidr and what do yoti do if raii<:lil 
in ittw'f 

Soinefinn ^. when many lai^e waves in close snc- 
cessiori break on a l)ea( li. so much water .iccnmnlates 
oj! th<' bea( li tbat it uaMiers into a siniih* sti-cani. 
nsnall\- narrow, and moves {)nt (o sea throm^h the 
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iiicomitrj; breakers. Hiptides are ca]ial)le of carr\ ini; 
swnnnicrs onc tjiiartcr <il a nnle ollshore. It a swini- 
mi-r Icels hinisell in a riptide, he shonld swiui paralU'l 
t() (he shore and. since tlu- cni'rent is nsnalK' narrow, 
will soon lind hinisell ont oi its d.inii;rn)i ^ path. 

W lial are "lidal wavos"? 

" l ida! wa\es' tsnn.nnis . or exlrenii'ly hiih de- 
^^rtl(ti\(' wa\t's. are no( Minneited with tides btit 
are nMiai'x eauscd by the shock of a submarine e.irth- 
'I'lakc or Iandd]d«\ Thcv !nf)\e af hiixh speeds some- 
iimcs tip to loO injili and reich heights in fimnel 
slcipcvl l)a\ s ()| as mncii as 200 |ec! above sea level. 

W lial raii.^ios lides in llir orran?^? 

l'!\er\one who has spent lime imi a beach alon^ the 
ive.( Coast has noticed the twice daily nH)\-emcnt 
ol (he water's rd«j;e betwx'cii fiiish and /oa" fide. This 
mo\-enienl is dne to the ^ra\it<iti(Mial at(r.n(ion o{ 
the moon and son on (he wat<'rs of the eartli. The 
highest tides, "sjirin'^c lid< s" occur when the moon 
is new and tlie snn a, id moon are located on the 
<ame side of tlh' l\arlh. "Neaj) tides", which have 
less ranue. oi ( nr when the IvnMh is at riubt an^le.s 
to (he moon and snn. I idol (urn nfs are \-ery strong 
where the <'bbinii and llooilini^ tides (Miter and leave 
Lrj:oojis })ehind hnrrirr Ix'tn hcs by tlie w<iy ol narrow 
iidet s. 




Vtiiiirv 2.1 Ili^Ii Ioh tulvs :irr t\nv lo ihv fsrviyi\ti\timii\ 
;inrartioii of tlir ni<M»n anil xiti on watcr«i 
of tin* rarth. 

\\ lial nuiv«»s lli<» ^jnli slr^'ani and ollior <H*<niiii<* 
I'lirreiils'/ 

Ntost of the stndents shonltl be aware of tlie Gnlf 
Stream !o( .ited olf the east coast of the I'niti'd States. 
1-or the most p n t it is a vcr\- sliallow cm'ront ( KOOO 
h ct deep ' nio\-ed northeast across (he Atlantic ()(<*aii 
by the jirevailinii wcstei'ly winds which blow toward 
(he sontlieasf. There is in general a inovenicnt of" 



w.iniirr water lioni the (Hpialoiial rt'LMons lowainl 
till* |)()l.ir rruiotjs wlicn* tin's water is cooled and 
!)e(nMU'N denser. Tile water then sinks and i*eliirns 
sniilliward aloiiU tlie oeeaii bottom. This denser 
water earries iile-uivinu n\y^en to ureat depths. 
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GEOLOGY OF THE OCEANS 

HoH* ilors man explore the (»rean hollom? 

rorrrit rl\- w.iter dejiths were determined b\' drop- 
pinu a soiindiin^ line with a lead weight on the end. 
Now it is detertnined 1)\* toiuiniiously recordiiit: echo 
sontnh'rs wliieli ineasnro the time it takes for sound 
waves to travel from the Inill of a ship to tlie sea 
floor iind bacl^: eonvertini^ this time into water depth. 
Many coiitiinious dej")th profiles across all the oceans 
h.ive heen nia<le 1)\' this method. 

.Major Topic?* p^xplorrd 

Nature of the Sea l-^loor— Old ideas and recent 
discoveries 

Methods of measnrint: and iv»presentin[i relief 

SedinU'iKS in the ocean 

The mantle and crust under the ocean 

W hat (lo«'s the Itottoin of the orean look like? 

Topouraphic profiles of the sea floor made by eclu) 
sfjunders show that virtually all the landforms ffmnd 
on the (ontinent*^ alsf) occin* heiieatli the sea. In 
i)lher wonls there are plains, jdateaiis. mountains, 
xalleys. hasins. vf)kMiioes and inan\" other topotirapliie 
feature^. Of special interest are the (\vep narrow 
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trenches in dillerent parts ol" the oceans where the 
earth's ei'ust is unslahle. h^lat-to])ped scatnotoits rising 
from the sea lloor some 5. ()()() feet helow sea level are 
also of special interest. 

11ie Mid-.\thintie RidiSO is a mountain chain rnmiing 
down the im'ddle of tin* .\tlantic Ocean hetween Nortli 
and South .\merica on one side and Europe and .Africa 
the other. The .A/ores and Iceland are parts of 
diis ritl^e that extend a])ove sea level, 

W hat are continental Mlielven? 

Hordeiimi the east coast of North .America and 
other continents are siihnicM^cd portiojis of the con- 
tinental margin. In the .Atlantic Ocean borderinu tlic 
I nited States, the cinitincnfal shelf is a thick ae( unin- 
lation of sediments deri\*e(l from the land. Off the 
coast ol Ne\v' jersey, it is about 80 miles wide and 
the water depth at the outer mari^in is only fiOO feet. 
Fxtenilini: to the true iioor of the ocean basin from 
the edm- of the continental shelf is tlie cantinoita! 
shipe. 'Hk'sc slopes a\'eraize ahont 400 feet per mile 
extending to a dci^th of f^.OOO feet. Off the coast of 
(ireat Mritain. the slope drops sharply from 650 feet 
to 13.120 feet. The a\'erauie deptb of the oceanic 
basins is approximately 12,()()() f( el, 

W'liat are siiltniarine eanyonn and hoH* did they 
form? 

Cait into the continental slope are steep-sided 
can\-ons with depths up to several thousand fc(*t and 
featnres resembling snbareial strc^am canyons. Some 
originated as broatl \allc\'s on tlie continental shelf 
and extended onto the ocean hasin floor. Some, sncli 
as the fludson C'an\on, appear to be related to the 
fludson River of the North American continent (see 
Fii^nre 2.2). Others seem to have no relation to 
])rcsent continental ii\'ers. Three theories of orii^in 
are currently beini^ ^i\'en serious consideration but 
all hav(> drawbacks, 

1. The\* were cut snhnerialK' when the shelves 
and slopes stood hi<z;ber. after which there was 
subsidence of the outer ed^e of the continents. 

Objection: This theorx* re(p!irt»s too much 
subsidence. 

2. They were cut snbacrially during lower periods 
of sea level and connected with the trapping of 
lar^e quantities n{ wMcr on the continents. 

Objection: Sea le\-el j)rol)al)ly only fell 500 
feet, 

Tlie\* were cut ))>■ submarine currcMits carrxint^ 
silt and cla\" tnrhiditx* currents. 

Objection: Silt and cia\' are weak cutting 

tools. 



HUDSON RIVER 




Fif;tir4> 2.2 SiilHiiariiir ratiyon rut into \\\v rontiiiental 
>hv){ itl thv nii>iilh of iht* Hudson Kivrr. 
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PHYSICAL PROPKRTIES OF SEA WATER 

Major 'l^>|>ies Explored 

.\Ii:asiire(l properties 
Temperature 
Sah'in'ty 

Pressure and color 

Metliods of iniMsiireincnt 
Units 

l^anti;e in the sea 



W liy iH the oreuii Idiie? 

Not all sea ualer is hinc. Sea water may be 
\-.u i()ns shades of brow ii, ii;reen or hrou nish-red. The 
hhie oi (he sea is cansiHl 1)\ scatterinu of sunlight by 
tiny particK's suspended in the water. Hlue light, of 
short wavi' leiiiith, is scattered more effi'ctive\\ 
(Jreeii water is couunonl)* seen near coa.sts. This eoior 
is I aused 1)\ ncIIow pii^ments, often from microscopic 
lh)atin'4 j)lants, heiu.u mixed witli l)lu(* water. Other 
inier()sc()j)ie jilaiits may color the water browji or 
hrowiiish-rcd, 

OceanoiirapluTS record the color of the ocean hy 
comparison with a series of hotlles of colored water 
known as the Forel scale. 

Where is the hottest oeean or jiortion of ocean? 

The hottest ocean are.i is the Persian Gulf, where 
water temperatures at the surface exceed 90' F. in 
the summer months, A um'cpie hot, salty area has 
recentl) been discoM'red in the Red Sea, where 
o( i\mo<4raphers of thi' Woods Hole Oceano^raphic 
Institution rc^cordiul a temperature of 132.8' P", at a 
dc^pth f)f 2,000 meters. The reason for these e,\trcme 
temperaturi's is unknown. 

How salty are the oeeans and ^hich in the Baltiest? 

Saliuit) in the open ocean ranges from 3.3 to 3,7/f, 
O^eanoL^raphers express salinity in part.s per thou.sand. 
The a\eraiie is about 35 parts per thousand. The 
Atlantic Oeean is the saltiest with 37.5 ppt in the 
northern subtropical region. The Arctic and Antarctic 
waters are the least salty. 

What is tfie pressure at the deepest part of the 
ocean? 

The picssure at the deepest part of the 0(can is 
elose to siAcn tons per s<piare incli, almost LOOO 
times the atmospheric pressure on the earth's stirface. 

At a depth of 3,000 feet a pressure of L350 pounds 
per s(piare inch is sufficient to scpiee/.e a block of wood 
to half its vo]nin(* so that it will .sink. 
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THE CHEMISTRY OI SEA WATER AND 
ITS IMPORTANCE TO MAN 

'Hie tlu'miial composition of sim \v;ittM* varies but 
on thr avfra^f 1(K) pounds ot sra water yields when 
dried approximately tliree and one-lialt' pounds of 
minerals, some ot wliieli are very useful to man. Tlie 
eoninionest dissolved sid)stanees are sodium chloride 
( soiu'ees of table salt and a eheniieal compound for 
chcMnieal industries), magnesium chloride, magnesium 
sidfale (source of mueli of the earth's supply of 
maiinesiuni ), ealeinm sidfate (source of gypsum or 
"plaster"), calcium carbonate (source of lime) and 
nia^nesimn bromide (source of bromide). 

Major Topics Explored 

Composition of sea water 
Dissolved solids 

Sverdnip. fl. T. (19(14 ). TJic Oceans. TJirir Vlujsirs, 
Chemist nj und (Icncral lUaloL^ij. Prentice-IIall, Inc. 
\.Y. 

BIOLOGICAL OCEANOGRAPHY 

Maj«>r ropit's Explored 

Seaweed 

Plankton 

Bioluminescence 

Deep Scattering Layer 

Dangerous and Toxic Ori^anisnis 

l8 a s<*awecMl a woimI? What is it and how does it 
«5row? 

Plants as useful as seaweed can pot be considered 
weeds because wecnls are conunonly defined as wild 
plants that are usi'less. unsightly and have no economic 
value. Seaweed is used as a food by millions of 
people, as fertilizers, medicines, source of iodine and 
ingredients used in the preparation of bread, candy, 
eamicil meat, ice cream, jellies and emulsions (see 
Fit^nre 2.3). 

Attached seaweeds urow oidy alonu the narrow 
border near shore. Growth is depth limited to the 
de]^th of penetratirMi of natural sunlight. 



FUCUS 
(ROCK WEED! 



IRISH MOSS 



CHORDARIA 
(NORTH ATLANTIC COASTS^ 



SEA LETTUCE 



Fij5ure 2.3 Types of scnwced. 

What 18 plankton? 

Plankton includes all sea animals and plants too 
small or weak to attach themselves. They drift with 
the currents. Tlu' plants are known as phytoplankton 
and the animals as /ooplankton. Both are important 
food sources for other marine life (see Figure 2.4). 

Phytoplankton. mostly diatoms, use the nutrient 
salt's and minerals in the soa water as food. They, 
in tuni. are food for many animals, which are them- 
selves part of the "food chain'*. 




COPEPOD 
ACTUAL SIZE 2.5 MM 



RADIOLARIAN 



Figure 2.4 Plankton. 
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What are al^ae? 

Alivif arc primitive plants ranuini^ in size from a 
single crll to the niant koips. wlii*.!! t;vo\v to a length 
ot loo l\\'t, Aluac .ire dominant in the sea, Ah^ae 
iU) not urci\ roots heeausc they Hve in a sohition 
of initrients and the whole |)lant can absorb water 
and mitrients From this solution. Some ali^ae have 
blades that resemble leaves, hnt theso are extensions 
of the plant botly and are not the primary site of 
pliotosyntlioses as in land plants. 

Ali^ae in the open oeean are generally onc-eelled 
forms and are limitiul to the li<j;hted zone (surface 
to approximately fiOO feet). These ali^ae are extremely 
iiMinerons and are referred to as the "t^rass of the sea" 
because they are the very beginning of the food chain 
in the sea. 

What in j^roOM scum? 

The ureen semn on ponds and slow-flowing rivers 
is formed by lloatini^ lireen and blue-green algae and 
a tiny flowerini: plant called dnck weed. The duck 
\N*ecd and iloalinu lireeii aluae do not live in sea 
water, but the blue-iireen alg le do. These blue-green 
aluae have a sticky covering and form slimy films on 
rocks and pilinu*;, Mermaiil's Hair, a large blue-green 
aluae. forms thick feathery coverings on rocks and 
boat bottoms. 

l» lliv found at all depths in the ocean? 

1*his (piestion was settled for all time in 19fi0 when 
Ficeard and Walsh reported a flatfish at a depth of 
.■)5.S()0 Feet. 1^'rom the ])ortbole of the bathyscaph 
THIKSTK they observed a fish about one foot long 
and six inches wide swimminu awa\' ( si'c Figure 2,5). 

What is hioluminescence? 

Hiolumincsccnce is liiiht prochiccti b\- living or- 
ganisms, both animals and plants. Thousands of 
species of marine animals ])roduce bioluminescence, 
\'ari{)us jellyfish and related animals produce some 
form of lii^ht. These displays are seen most com- 
monly in warnj surfai'c waters. .Although most of 
the organisms ari' small, there arc such immense 
nmnbers present that' brilliant displays occur when 
the waters are disturbed by the pass^ige of a ship 
at night. 

At ocean dejUhs where Hiiht does not penetrate, 
there are stranuc lookiie^ luiniuescent fishes, How- 
i*\'cr. there is an unanswered question eoiucruing the 
pur])osc of liuhts on marine .mintals. Some creatures 
have well-dcveloped eyes but no li^hl to enable them 
to See in the dark, Otliers have brilliant liuht organs 
but are too ))Iind to see. T!ic exact purpose of these 
lights is unknown. 




HATCHET FISH ACTUAL SIZE 




Fiprur«» 2.5 Extremely dt'cp-water forms of fish life. 

Are there really sea monsters? 

.\Ithough we discount the jahlvd sea monsters, we 
have not yet explored the ocean thoroughly enongli 
to say with absolute certainty that there are no 
monsters in the deep. 

Scientific observations and records note that' giant 
stpiids with tentacles 40 feet long live at 1,500 feet 
and that sizable objects have been detected by ex- 
plosive echo sounding at greater depths (see Figure 
2.fi), 

Oar fish 40 to 50 feet long also have been observed. 
In recent years. Danish oceanographers have studied 
lariie eel larvae that would grow to 90 feet if their 
i^rowth rale is the same as eels of other specie.s. 

Hav€* you ever heard of the DSL in the ocean? 

The deep scattering la\cr (DSL) is a widespread 
la\cr of livini: oriianisms that scatter or reflect soimd 
])ulses. During tbe day. this layer Ikls been reported 
at dci)ths of 700 to 2.1(K) fee^ but most often between 
depths of 1.000 and 1,5(K) b' f At uidit, the layer 
m(»vcs to or near the surfatc. 1 ftc types of organism.s 
making \\\) i^e scalier in*/, ; :yer ar(» still not 

known tiefinilcly, ,\ttempts to rolled and photograph 
the organisms ha\'c been iucoiu lusivc. 



|-i;:iii-t' 2.0 Srit-nli"!" Iwnr not vrt rxplori'd thr oi'ran 
tliort>ii$;lii> rnoii^li tii "iiy xs'iXU ;iliM>lutr riT- 
t;iit}I> l}iat ihrrr nrr mo inon»trr> in the 



! In- DSL pro.hui 



li.intnin ])ott()iii or t'l'lu n'lains. 



pi(tl).il)l\ .mounts for tlio cIlmIiui: o| nonrNi>.t- 
riit nIio.iIs in till' t\ni\ iia\s ol i\]\o sonnilcis. 



W Itai types of t>i\miiiisiii!4, otlit'r tliaii sliarkt^^ art' 
[iot4*iitiall> JaiiutM'otis to iiiaii'^ 

rlir iniKt il.inL:( foii> SIM animal otluM' tlian sliarks 
prol).il>i\ thi* l)arr.unila. Its nsiiiil lont^th is (miK" 
tour tn ^i\ Irt t. l)iit it i> a'iLiri'Ssix'o. tasf. anil arnu'tl 
with a mnihniat ii tn ol loni; uaniiu'S anil small tri'tli. 

riif killer wlialr i> potrn'iall)- niorr ilam:ornns 
than i*i'ln'r ^llark^ or harraiiulas althonuh no antlicntic 
UTonK 111" th lil>r. ati- attacks on man exists. This 
uliair nMa>nrrs l-"> lu -20 Irct anil Inmts in parks, 
it att.uks ^^MU. WMiroM's. porpoisos and even othiT 
whales. 

Ihi* niorax" rrl \vhiih is a> lonil as ten feet. Inrks 
in Imh •^ in ( ur.il reefs .md in.i\- hite (li\ers 11 (hstnrheil. 

The (uf<ipn> is p)o!).il)K- o\-errate(l as a villain l)e- 
eanse of his <'\il im .; ne\rr theless. its hite is pnison- 
oiiN. The 'iiatit >(|niil has heiai known to pnll man 
heneath the water to his death. The Portn^uese 
in.fn-of-w ar lia> ten!aele> np to 50 leet loim w ith 
^tin•iitr.Z eelU whii 1 ic paitdnl to a swimmer lirnshin^ 
auainst them. 

Tlieri- In a larue ^ronp of animaN dam^erons to 
swimnierN or waders who step on tluMn. These in- 
elnile tlie slin^ rav . sfonefish. /ehra fish, toadfi^h and 
manv others. 
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CONSKHV A I ION AM) I IIK IMPOK I ANCK 
OF Tin: SKA K) MAIN 

!. It is iinw l)rhe\ed that larile (piantilies ol 
jietrolenni Mr stored in (he sediments ol l1je 
eon* ineiital sju'Kas. 

2. \iidide> eontainim: the important element, man- 
lianese and small amonnts oi eohalt. iiickid and 
Nil\-er .ne lonnd on some j)arts ol the sea lli)or 
and ne i \peeted to he located 1)\" snhniai ine 
plioto^rapli) an<l mined hy «iiant vaenmn 
ileaners. 

■S. .\s proe<'sse> for desaltim: sea watei' nioic eeo- 
noiniealK' heeonie a\ailahle. an nnlimited 
amoinit of fresh water will heeonie awdlahle for 
eoastal eities. 

I. W ith the pupnlation of the world ilne to c!ottl)ie 
in the next .So xcars. i'lereasitm eflorts will l)i- 
niadi- to extract mr)re food from tlie sea. Only 
a few of the edihle fish ai'e now helm: con- 
snmed. (.'onsnmption of fish it) the U. S. is 
rather low. axerauini: onK' 11 })onnds pvv jierson 
per \ear. In contrast, the eonsnniption of fi^li 
in japan is se\-en times as i^reat \)cv person, 
.1. Seaweed is heini: increasiniil)- gathered and 
])i-essed into a snhstani-e called "al^in" whiili 
is used in cosnu'tics. textiles, paper, ink. drn<4s, 
chocolati' nndk. jellies .nul jams, 
'idle sea as a maj()r axcnne of transportation, a 

sonrce of recreation, anil a controller of climate on 

l\aith shoidd not he nnderestimaleil. 

Major Fopirs KxjilomI 

I'^ioil I rom (he sea 

l'i>]i and >h(dlfish farmiir.:: 
I**idi piotein conci'iitrate 

(!oni]Knisr)n ol 1'. S. with otiier lonntries iti fisli 

catch and i ()n>nniption 
l'*resh water I rf)ni tlie sea 
Hecrt-ation 

I'Atiait ini: naoiral icsiHirccs from th ' se,i and sea 
hottoin 

Offshore '>il pr.iihiction 
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INIKODKTION 

Ilk' .i>tr( iiHuiix srctiiiii ol IImn tculiinu uuiilf is in 
!rinl<'«l !n :On r .i> .1 tiAtlindk nor .i Jrl.iih't! i musc 
Diitliitc tn hi r!«)srl\ lollowrd in ihc Icacliin.: ol 
I'!. Hill aikl Sp. ur icnct' in tlir sct i ind.uy st hiiols. 
h i^ Impel (h.it ..)nu' oi thr ni.itrri.il will rii.ihlc tlu' 
tiMiln !s fi» rnri^ II (]irir own ]i!i)'j;i-.nn with tiipi\s .inJ 
.tpprn.icln s liijt pM\(' t'. Ill- o| si^nilii.ni! ami nir.ui- 
inuhil \\iln(' fin' vfiHlcnl. \Inrl< <>l Mic contcn} 
liiiin-il hr toninl n .1 >inui<- text .in<l sonir n\ tlir < oii- 
Init dot s n:'{ tppri: in ((Atlxioks at all. Mso. nmt'li 
i»l tlic niatt ii.il is pirscntc'd as hackuronml inloinia- 
li»»n tor tln' Ic.k lirr .md is not intrndt'd to Ix' tanulit 
Id st t ondar\ stmlrnts inilcss tlii'\- liappcn to he at a 
Vi'vy ad\'.ni( i'd U and/m* slmw an iiiiusnal intrrrst 
and .iptitnilc. 

"I'ra<lu'is jw trriit'd. wlicrcwr pi>ssil)lL\ t(i int'lndc 
Oft .isioii.il i'\('iiinu ol)s(a \ inu sessions in their instruc- 
tioiial pro'j;r.nn or to aI K Mst explain to tlieir slndeuts 
liow tlie\' tli( ii;sel\( s tan f>ruani/e their own ol)stM\- 
inu pro'ir.ini. In onler to do tliis sneeesslnlly the 
teat her nnist he ahle to pi\'diet w here and w lu'n a 
eelestial object ea n 1><* located. The material on 
eelestial coordinates is therelore inelnded for the 
primary henelit ot tiie teaeher and it is not snuui'sted 
that this is suitable material h)r int hision in an astron- 
()m\ unit .it the seeiuidarx" seliool le\td. althonuh the 
aho\e average stndeiit miulit he able indepondent 1> 
to read and eompriliend this niattM*ial irom this 
'.jnide or introilnet* ir\ astionom\ te\ts written on the 
eolleUc' level. 

*I he c onstrnetion ol a sfarfindtM' is a relati\'eK sim- 
ple pr.'jrtt tli.it t.ni he inider(aken lu" stndents jnd 
teat h< ! alike an<l do<'s nnt retjiiire a eonsithaal )le nn- 
dcrstandinu ol loortlinate systems. The nse ol setliii!^ 
eireU's on telesetipes is anothi*r nseFnl tool in loeatinU 
••' fial ohjeets wliieli does not re(piire eonij^lete 
. '1 iipreheiision 0} toordinate s\slems. W ith the sim- 
ple and ine\j>ensi\e staifind''r deserihed in this U'lide 
it is possible to loeate with c-oiisiderahle act iMMey an\ 
objec ^ in the sk\- ami also to predict positions ol ob- 
. j< ( ts at some Intnre time. 

I'Vw te.nhers reali/e how mncli astroiiom\" ean be 
tanulit by the use ol a celestial i^lobe. Photographs 
ol two t\pes o| eelestial ulobes ,irv inthided together 
with iirstrnetions Tor sctlinu np and nsiii!^ thenj. Stn- 
dents should be em ()nraue<l to experiment with these 
'globes on th r own. 

Some (if the simple shadow stick experiments d(»- 
scribcd herein ma\ be tarritvl ont by individnal stn 
dents and reported on in c lass. 'I'he more interest(»d 
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.Old e.ip.ible sliideiits nii'^ht be eiuonra^ed to design 
.md constnut a sini(hal lor {heir particnlar latitude. 
Vssjstanee in eaKnl.itiii'j .orgies (an he obtained hom 
I in.tthen 1.1 1 ies te.iehei' in tlu' st liool; otherwise il is 
no{ .1 \-er\ di'Kit nl( project. 

It is \ital in earryiii'^ out the cxpeiiments ami 
pio|rits sii'^i^cstcd that the student shonld h'cl the 
i ll '!l iieeessaiA is woitliwhile and tli.it the cxeicise 
will ])rod'ice siiinilie.int lesidts so iar as he is ton 
iciiieil. \\'lie:e\( I possible a (jiiestion should be 
diMwn Ironi tht- student on the b.isis o| his own ob- 
ser\ itions. In hCn ol dns, a (piesiion e.ni he posetl 
b\ die t(\U'lier. howcxt'r. in either t a^e the aeti\ it\ 
should he peiloniied to answer sjjceilie qnestifMis. 

Sinie most schools h,(\e a teleseoju', or are plan- 
niuLi to at i[iiire one, .1 short list ot ()bjccts lor *! ele- 
scoiije ( )b-u'r\ atioii is included. Ih icl instructions ai'e 
.ils( I ui\t'n lor setting n]i .nitl 11 si mi; an e([iiatoriall\ 
ninnntctl telcstdjic. While alt-a/innith iiioinite<l tele 
scopes require less time !o se( np they arc not rctoin- 
niended bee.nisc 0} the dillit nlt\' (■iieoiiiiti.'red in 
keepin!^ objects within the field of \'iew. Since the 
most tretpicutly .tsked (jueslion in rci^aid to a tele 
scope is. "Wdi.it is the power ni the I clcsct ipe?", a 
section deserihcs (eleseopie powers and *^i\"es hints 
on what tt) look lor in )ii n-chasin"/ an instrument. 

The ri'inainder ol (he unide iiielndes referent c ma- 
terial for (cielu'r use. it ma\ be possible^ to oriiani/.e 
all. or part ol. the conisr .iroiind a central tlu'inc, or 
problem. One such e\amj')le miulit be the [irobK in oi 
ilctciiiiiiialion ot stellar distances, both galactic ami 
extraualactic. This has been and still is one of the 
major problems in astronomy, .\n approach such as 
this leatls natnralK" intt) the stncK' of a]')paronl and 
absolute mamiitndes. stellar sjiectra. the I Iert/spriin«j;- 
I\nssell diagram, the peri< uldmninosity relation, the 
\ elocity-distam f it'lation antl finally cosniolo«j;\" ami 
t osmoirony. it must auaiii be empha.si/ed that while 
not all of this material can be taiiuht at the sccondar\ 
le\"el with e\-ery ^roiij) it is nicntioneil here f()r tlic 
bi'uefit ol the teacher who wishes to iiu'rtMsc his own 
iMekuround knowledge in this Mwi. 

FIKLDS OF STll)K^^ INV KS ri(, A HON 

l lie Ivn lli in Nh)tion 

I'he Moon 

'i'he Solar System 

'idle Nearest Star— Onr Snn 

.\sj)ccts of the Sky 

'i'he Stars 

The Milky Way 

The rniversc 



KNMKt)\>Ii:M AL Kl l Kr. l S OI IvAU l lI 
MO l 

Major 'ro|iic>^ Kxplon-il 

rill' Kllcrls ol Holatiuii 

rill- Kllints ol KiNulntinii 

riir Sim (Icntcicil Sdl.ir Systfin 
(Linsrs ni tile Sr.isnns 

\ ]\r IV(M'ssi()iKil Kllri'l 

riic DifliTi-nl Kinds ot l)a\s 
Sohir \ s. SiiliTcal Timr 

Mow is oiir <*n\ irop'iiriit aiTrrlrd hy the* motions 
of the earth? 

Thr pniii,n\ riiotions of []\v rarlli wliiili Iiavi- a 
iliici I rlh'ct upon our dai'h" Ii\i*s and our iMiviroiinKMit 
an* !()t4itHiii oliiliDii, IViHi'ssion and initati(Mi 

will l)r nirntion<-.l lor iIkmi* lonti ran*ic* I'flrcts. 

The Kffrots of Kotatioii 

W hat is rotation and how (I<»es it alTort n»'f 

riir rardi rotaU's npon an axis which is intliiKul 
Iroiu the vrrtit'al with rrspctt t(i die plane of 
its orhit. This spinninu of tlie earth, at a speed ol 
afiont miles jirr houi' at tlu^ eqnator. resnlts in 

day and iii^ht wljich <z;ives ns the time interval of a 
da\ . riie I'one^mlt peiuhdnni provitles cvidenee for 
this motion as opposed to the eoiitrar\* assnniption 
that it is the snn and stars inovini^ aronnd the earth. 
Star trail photoi^raphs also show the efFeet of the rota- 
tion of the earth ( See IMale 3.1 ). 




lMut4* .'i.l Six hour time t'^xposure showing the efTeci of 
rotation of ihi enrth. 

Anotlicr ( (Feet of the rotation of the earth is ex- 
pressed ill Ferrel's l.aw. ConnnonK' known as tlu* 
fJoriohs rfffit it tlesciihes the defleetion of winds to 
Ihr riuht in onr hrnnsphere and io the left in the 
s()ntht'rn hemisphere. If it were not for this deflee- 
tion, winds wonld l)low dirc^etly into a low-pressure 
rriiion and not prochue the eyelonic eircnlation which 
resnlts in hurricanes, t()rna(h)es, and lesser storms. 
The deflection caused h\* the rotatitm of the earth is 
also respnnsihle for the major wind helts which arc a 



]>rime factor In the woild climates. 

The rotation of the earth also tends io hurl matter 
into >paee. therein \.au,sin«i a rechiction in gravity ns 
one nio\('s irom the jioles to the equator. This mo- 
tion also *j;i\( s an increased boost to rockets lannelieil 
with the rotation of the earth and were it not for 
l)rt)l)lemN ol lo-^istics the ideal launch site woidd be at 
tlu' equator to utilize the 1000 miles per hour speed 
boost of the earth's rotation. 

'I'he Ivpiatoiial bul^i* is also attributed to the rota- 
tion n\ the earth anil ma\- be illustrated by rotating 
a "tc'iitrifu^ar hoop to note the oblate shape as speed 
increases. 

'VUv KfTeets of Hrvohiticni 

W hat is rev<diiti<Mi and how (h»c*H it afTeet U8? 

I^'volution is the orbital motion of tbe earth about 
the sun. The journey of tin* earth around the smi, at 
a speed of 75.(K)0 miles per hour, is the basic time in- 
terval we know as a tropical year as 365 days 5 hours 
\H minutes seconds. For most purpcises the year 
c.m be (Wj^rcsscd as days. 

Hasctl on obstM vable evidence it can be argued that 
the sun is revolving around the earth. We can oidy 
"prove" that the earth nAolved if we ar^ willing to 
accept certain jKistuIates. If we accept Newton's laws 
of motion thfMi the (Mrth nuist revolve around the sun. 
The assumption that the earth is not revolving around 
the sun becomes difFicult to e.xplain on the basis of 
stellar paralla.x as the closer stars shift their position 
among the more distant backgrouiul of stars when we 
observe them from different parts of the ca- *h's orbit. 
The aberration of starlight also indicates a moving 
earth. 

The skies also change from season to season as the 
earth revolves around the sun: however, if the celes- 
tial sphere were rotating the same change would be 
apparent. 

THE Sl!N CEiNTERED SOIj\R SYSTEM 

Did man always believe the sun was the center of 
the solar system? 

No. Ptolemy, in about 140 A.D. worked out a geo- 
metrical representation of the motions of the planets 
with considerable accuracy. This was done with the 
earth as the center of the solar system. To solve the 
problem of retnigrade planetary motion (where the 
planet appears to reverse its direction temporarily) 
he devised a complicated system of epicycles in which 
the planet revr)]ved around its own orbit. This repre- 
.scntalion of the solar system lasted almost 1400 years 
until C'o]K'rnicus advanced his unorthodox and hereti- 
cal idea that the sun was the center of the solar 
syste!?!. 



Causos of the Seasons 

Does the revohition of the earth around the »\\n 
eaiisc* the seasons? 

No. not' primarily, at least not seasons as we know 
them. U tlu* axis of the i-arth were vertieal to tht* 
plane of its orbit there wouM prohabl>' he seasonal 
ehaniie only on the basis of latitude ami not in eon- 
iifetion with the revolution of llu* earth around the 
sun. 

The earth is nearly 3 million miles eloser to the sun 
in the winter so distanee cannot be the reason for 
seasonal elumue. 

Without the tilt of tlu* eartli's axis. S(\asons as 

we know tlu'in would not exist. 

lIoK does the tih of tlie earth's axis eaiise the 
seasons? 

Hftatise of i\ic tilt of the earth's axis there is a 
p{)sition alonii the orbital path when the north point 
of tlu' axis is inelined most toward the sun. This takes 
plaee on June 22nd (summer solstiee. see Figure 3T ) 
anil the ra\s of tlie sni^ shine down on the northern 
lu'misphere most direetl\ . To a piTson at latitude 
N tlu^ sun appears direetly overhead. The line 
iiuheatiuif ihis latitude on a map is called the Tropic 
of Clancer. Fiunr^^ also shows that the rays of the 
sim shine 2').'- jxist the north pole so that all areas 
within this area, that is 66'- N latitude or greater 
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have suushini* for 24 hours (Midnight sun) on June 
22nd, the first da>- of suumier iu the Northern latitude. 
On this da((^ the suti is as far nortli as it will gt»t. The 
66'.; N latitude line is called the .Arctic Circle. 

Tlu» sumtner situatioti is reversed six nit)nths latter, 
on December 22nd, when the earth is opposite the 
summer solstice position. Now .it the winter solstiee 
it is (he .\rctic (jrcle that has a 24 hour night and tlie 
.\ntarctic Cart le has the 24 hour da\- or midnight sun. 
At latitmle 2:V-j S. the Tropic of C!apricorn, tlie sun 
is direetly o\-crlu'ad at noon. The Northern Hemi- 
sphere is having winter while it is summer in the 
Southern Fli'iiiispherc. lU'fer to figure 3.2. M this 
time we are having short d<iys and long nights as less 
than half of the Northern Flcmispheic is lighted. The 
combination of short days and ver\" obli(|ue rays from 
the sun result iu less heal being absorbed by the earth 
and our cold winter season I'csults. 

As seen in figure 3..> there <ire two positions of the 
earth aloui; its orbit, cat h midway between tlie sum- 
mer and winter solstices, where the sun appears to 
be in the direction of the c([uator. On these days the 
axis of the earth is tilted neitber toward nor away 
from the sun. Every place on the earth receives 12 
hours of sunlight and 12 hours of tKukness because 
exactly half of l)olh the hemisplicres are lighted by 
the sun. These points, where the sun appears directly 
r EARTH 




VERNAL EQUINOX MARCH 20 OR 21 





WINTER SOLSTICE 
DEC. 22 OR 23 



VERTICAL RAY 



VERTICAL RAY 



SUMMER SOLSTICE 
JUNE 21 OR 22 





AUTUMNAL EQUINOX 
SEPT. 22 OK 23 



. )\ t i lic.ul ,il tlif < (jiLit" lie rallftl tiic \ rriia} ( sjiriiiU ' 
'■qtiiin)\ ,in(l thf .iiitnntii.il i tall' ('(luiiiox. K(|iiiiit)x 
iiUMiis '((jual iiiul.t . 

11' arr closrr^t to tlit- -im in viititrr. and at this 
tiiiK' tli«* S«iiith«M'ii llnui^plirrr i*^ lia\iii!Z Huiiiiiiori. 
4l(ir> tlii** (li**taiH'r tactor make tlieir ^^iiiiiiiier 
wat'iiirr than ours? 

.\ltli.»ii'ili (iiic iiii'^ht i'\j>('Lt tlic SoiitluTii Hi'ini- 
>p}ir!»- scaMHiN to Ix' iiKMc Ncvi'ic. hot}] sutniiuT aiul 
wiiiNi". (Iif l.ii'it'i- >< M aiiM ,111(1 otlh'i" topomapliical 
iiMtnr<N ii A 'ii<Mtri- cHci t oil Uicir simmmk than llu* 
< 'artli N tli\t.itK r I mi 1 1 the >m i. 

Sin«'«' tlir rat'tli rt^'rivo a niaxiiunni amonnl of 
r»ular rnrruy <in Jiinr 22n<l why is this n<U th<* 
holt4"«( (lav of th<' snnnnrr? 

IIm- aiiHMint n[ Ih at iTLcixcd tlic earth is called 
it> iriM if.it ion. Nltfrni'ifi llu* insolatmii i> Urcatcsl (m 
lir>t n[ 'icr. ami (Ici rcascs tluT('alt(M\ \ ()u 

.iiii>t r( iiiiMiilMT tint iroiM llif prci'ctlini: wintci- tlir 
N't.flM Tii f |r[iM\j)lici(' lias (ooK'd considcrahly :Uid 
Iia> n-r«'i\rd lai'ic airiminU o| mjow aiul ice. During 
N|>i'iii^ (111- jii>o].ili.Mi iiMi't ax's and ,is tlic swow dr- 
poNits -dou ly nu ll tin- Irriiiisphcrc uradiiaHN \sarni> 
ti]>. m'atlnal waiiiiiiiL: iij) process contiiiius until 



tlic portions ol the <'artli that have the ^rcMtcst cllcct 
upon ihf tliniati' a region have thawed out as 
nnitli as they an- lioini: to. d'his wanning up con- 
tinues past (lit- date ol" the suunner solstice jnd nsu- 
alK' oeenis lor Us in An^nst. 

Likewise, the coldest part of the year is not at the 
w inter soNtivc. e\< n thon'ih this is the time of least 
iiisolaHori. hecanse (he land and ocean areas, havin^u; 
retaineil soiju- he;it IVoni the previous suininer, are 
still tooling down. They generally reach their lowest 
teiuiieiatiires hy tlie end of Jamiaiy. 

Tlie PiTi'essional KlTcet 

\\ liat elTrrt lias pre<'ession upon our <laily livos? 

Precession has \irtiially lu) eilect upon us (hie to 
the extremely loni: time. 2.1. SOO years, that it takes 
to touiplele t)ne cycle. It is a motion comparable to 
le wohMc ol' a sjn'miini: toj^- '-i>*'*ii^ioii of the 

(Mrtii's axis ( MiiNcs liie nortli celestial pole to describe 
I circle on the celestial sphere (see iiu;nre 3.4). This 
will, in 12. ()()() years, cause the hridit star \'ec;a to 
h, c ttiie the pole >[a\\ A ehauue in our seas{)na! eoii- 
>lellatioiis will also result. Orion, a winter eoiistelhiv. 
tion h)r the twentieth centiirv. will he visihle in the 
•r nIsV I:>.()(M) \(Mrs fr^ni now. This will not 
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FijsuiT H.l I*r«'r«'*.-i<>ii of thv F.arth'«» axis, 

.ifti'C=t onr ^(■as()Il^. oiiIn ihc cousti'lhitioiis will c'lian»j;o. 

Tlif canst- (•(' tliis motion is iliu- to i\\c gravitational 
attrattion ol the snn and tlu' moon npon ihc ccjna- 
toiial hnli^i' of tlic earth, wliicli is 27 niik's grcattT 
than its (lolar <lianu'ti'r, as tlicy try to pnll it into line 
with the plane ol [\\r ecliplie. .\s yon luive soon tlu* 
earth's ecjnator aiul thns i(s e(jnatoriiil bnl<4t\ is in- 
elinetl to tlie i)Iane ()f the earth's orhit, 

IIh* DilTon^rit Kimls of Diiy?^ 

All}ioii;;li ihv (hiy Ikis Uvvt\ ilviitwd as onv rota- 
lion of tlu' rartlu ar<'rrt lliorc ilifTrront kiniln of 
"ihiyj***? 

*rhere ar<' ihlh'rent kinds of dav s: however, all are 
l)ased <Mi the rotation of the ( arth. The dilltTenee rt*- 
snlts in what ohjeet yoii select as your reference point. 

I sini^ the snn as a relereiiee point w'c* havo the "so- 
lar da\ ' whic h is the intei val I roni one Nocui ( svm on 
celestial m<'ridiaii ' to the ne\t. or from one sunrise to 
the next, '{"his unit of time j)ro\-es to he of une(pial 
!en<4th and does not r<'j)resenl a complete rotation of 
the earth. No watch ean keeji solar time. A study of 
figure .).5 will show why this variation exist:,. Let us 
start ()nr solar day when the earth is at position A, 
with the snn on the meridian (noon' of an ohserver 
at point N on the earth. Sinc-e eelest.ial distances are 
so '4r» at it ean he assumed that vill ]')arallcl lines w*ill 
point to thf same spot" on the celestial s]')here: there- 
fore, if line AS is e\ten<led points to the same location 
as line IK* anions a star on the celestial s])liere. 

After tile earth h,is niade one rotation in rc^spcct to 
the star position B ' the same star will be on the 
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Fifsurr .'i.,> Diagram ilhisiralinp r>oIar vor»ius sidoroal day. 

local mcM'idians for an observer at N, However, be- 
cause the earth has moved along its orbit from point A 
to !i while it rotated, the snn is not yet on the ob- 
stM'ver meridian, hut is still sliv;htly to the east. At 
this jioint the earth has completed one "celestial day" 
(sidereal day), hut to complete a solar day it must 
turn one de<4ree more to hrim^ the snn again above 
the same meridian, 

!n other words, a solar day is slightly longer (ap- 
proximately 1 deiiree ^ than a cnimpletc rotation of 
the earth with respect in a star, A year having about 
■ jfio da\s and a circle having 360 degrees the daily 
motion {)f the earth in its or!)it* is roughly one degree. 
This one degree angle. .\SH. is the same as the alter- 
nate interior anule. SBC. over and above the 360 de- 
grees through which the earth must turn to complete 
a solar day makmg its total solar revolution 361 de- 
grees. Because it takes the earth about four minutes 
to turn throuuli one decree a solar day is, therefore, 
about four nunntes (3"' 56'*] longer than a sidereal 
day. 

.\ solar day is loimer than a sidc»real day by one 
jiait in 3r>5, In units of solar time, one sidereal day 
is exactly 2.) hours 56 minutes L091 seconds. The pe- 
riod of rotation of the earth with respect to the stars 
is exact K- 23 hours 23 minutes 4.099 seconds. 

The sidereal clock, used by astronomers, is regu- 
lated to run 3 minutes 56 seconds faster per day than 
an ordina**\ clock. Thus the gain of sidereal clock in 
the period ol a mean sol.ir year will amomit to 24 
hours. On iihont September 22nd. the sideieal clock 
and a mean solar clock will be in agreement. From 
this date one can estimate his local sidereal time eor- 
respondini^ to a given time /one to within a few min- 
utes. Local sidereal time is the local hour angle of 
the vernal etpiinox. 
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Our li\i's an- icmilalcd by lilt* sim, not []\c 

xiTH.il tlirrriorc; lor tlic \ asl luajorily ol 

pt'Mj)K' siilcri'al tiiDi- is oj littir \aliir intiMTst. 
Siiui' ihr poNi'tioii oi a star in tlu- sk\ w illi rcsptH I to 
the ohscrxcrs meridian is directly relatinl to the 
Nidorcal liiiir. every ()hser\ator\- maintains cloeks 
whieli read sidereal time. Tor a InrtluT diseussion 
ol its nse in loeatini: eelestial e^hjeets si*e tlie section 
on Determination ol Local Sidereal Time and Diicc- 
tions for I sint: the Starfjnder iji the 'l eai lii-r n*fercncc 
section at the hack oi this unide. 

Soliir \n, SU\vrvii\ TUuv 

If lh<» oriiitul vrlfM'ily of |fn» rartli vari<»s in nocord 
with K<*|il<*r*s SiM Oiul Law, >v«Mii(iirt this afTeol llir 
ionutli of a ^iolar <lay? 

The solar ila\- (hu-s \ar\- in lenj^th hy a few seconds 
and tliese atcnmnlate to eral minntes after a few" 
da\ s. After the in\ention of accnrate tiniepioces it 
hccanie netessary to iihandon the a[)parent solar day 
as the finidamental nnit of time. Otherwise, all clocks 
would have to he adjnsted to rnn at a different rate 
ever\- (lay. 

Onr (. locks toda\- keep mean solar time which is an 
a\-erauc length of the ap])ar{Mit solar daw In other 
wonls. mean solar time is jnst appaient solar time 
averaued ont to be uniform. 

The difference hetwcen the iwo can accnninlat'e to 
about IT minut^•^ ^ind is called tlu* {Mpiation of i'uw. 
Due to tlu* irreiiular rati- of aiipar(*nt solar time tlu* 
relation to nu-aii Nolar tinu* ma\* he ahead of or lu*- 
hind nu'an solar tinu*. \\'h(*n tlu* ('(piation of time is 
positive it is alu*ad of uumu solai' tinu*. Tlu* ecination 
of tinu* is often plotted on globes of the (*arth as a 
nonu)Urani. shaped like a fiu;nn* S aiul located in tlu* 
region (if tlu* South Pacific Ocean. 

Sinoo viivU loration aion;; any easNur.^t line uoiiM 
actually have a tinir that is unique to their loca- 
tiott. lioH is this rr;;iilatrfi? 

The timi' w(* hav(* on onr watilu*s is tlu* local m(\in 
tim(* of tbe central meriilian of what(*V(*r tinu* zone W(* 
are located in. Kast(*rn Standard tim(* is tlu* local 
mean tinu- of tlu* 75th nu-ridian. 

Ilou is (hiyii<zht savin;i lime uork<Ml out? 

So that wi- ma\" make maximum use of the amomit 
ol ^nnh^ht dnriu'^ our wovkini: iu)urs most states, as 
well as man\ for<*iun uatiotiN. eNtablislu*d tlu* practice 
of da\ li'^lit saving tinu*. \\V simpl\- aL:r(*e tliat on the 
la^t Suntla\ in -\])ril at HM) aan. tlu* clocks are S(*t 
ahead one hour. This first da\- has only 23 hours: how- 
ever, the "lost" hoin- is renaiiu'd in a 25 hour da\" 
when We >et our ilocks hack oiu* hour. Thus, on a 
smniMcr evcnini: when it would nnrmall ■ u;row dark 

ERLC 



at S:()() p.m. standard timi*, it is lit^ht until 9:00 pan. 
davliiiht savinii tinu-. It is not practical to retain this 
.vstem in w inter lor if the clock rem.iiued ahead one 
hour in I)ecend)ei- it w*ould still be daik in niaii\- parts 
ol the touutry at 7:.)() a.m. when nu)st p(*ople are on 
theii' wa\- to work. 

Since there are solar and sidereal days it would 
seem liiat tiiere siiould lie difTerent months and 
e\en years. .\re there? 

\i's, howc\(*r. tlu* term us(*d loi" a compk*ti* revolu- 
tion of tlu* moon about' the earth, witli respect to the 
sun. is 29'- days aiul is call(*d a synodic montli. 

The period of r(*volntiou of tlu* moon about tlu' 
earth w ith respec t to tlu* stais is 27^ •{ days and is the 
sidereal mouth. 

In regard to years tlu*re are thre<» kinds of ycvirs. 
1 lu* period ol re\"olntion of tlu* earth arouiul tlu' sun 
with reference to the stars is calleil tlu* sidereal year 
aiuI is .)()5 da\ s () hours 9 minntes 10 secoiuls or 
■ )(i3,25(>l in(*an solar days. 

Tlu* p(*ri()d of rc*\'olntion of tlu* c*arth witli respect 
to tlu* vc*rnal c(piino\, that is, in respect to the bej^in- 
m'n'4 of the \ arious seasons, is calk*tl the tropical year. 
Its k*uuth is da\s 5 hours 4S minutes 46 sc*conds 
or o(i5.2 l21 19 mc*an solai" ilays. Our calendar is based 
upon this Near so that it ki*eps in stc*p with the seasons. 

Tlu* anomalistii- yi*ar is tlu* third type of year and 
consists ol the inter\al b(*twe(*n two successive peri- 
lu*lion passaiies of the i*arth. Its lc»nt^th is 365 days 6 
hours 13 nnunti*s 53 s(*c()ruls or 365.2596 mean solar 
(lays. 

This differs from tlu* sidc'r(*al y(*ar because the ma- 
jor axis of tin {'arth's orbit rcv<)l\'c*s due to perturba- 
tions caused by tlu otTu*r planets. 
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THE MOON 

Major Topics K\|dore<l 

Origin ol tlu* Nbu ti 

rli\si(al ('liaracteristiis ol tlu* Nh){)n 

Xb-asnrin^ the* DiTaiu-e to tlu* Moon 

Moon HriL:htiu*ss 

Hotatiou and Hevo .ition 

l']elips(*s 

Tides 

Phases 



W Iial is lli<» ori;£iii of lli<» iiioon'r* 

'llic ln'st rstiiitati' of tht* otiniii ol' the moon at tlu' 
prot'iit tiiiir. prior to the aiuiKsis of lunar niati»rial 



hroui^ht" back to earth by the Apollo II and 12 Mis- 
sions, is that it fornifc! from the condensation of the 
sanu' niatorial that formed the earth and the other 
planels. 



W hut iihysiral rhui'urtoristirs nrv known ahoiit ihr moon? 

The follow inu table i;ives the physical ebarat teristies of tiie moon: 



Vlwjsiral Characteristics 
si/r -21o9.SI miles in dia. 
shape'-- ProKite spheroid ( football ) loni^ 
axis pointed toward earth 
shape of orbit— ellipse 
Mass S.l X lO''* tons 
snrfaic i^ravity— of earth 
velocity of eseapi'-b'j miles per see. 
atnic)sj)liere- trace 

mean (bstanu* from earth— £.'38,857 miles 
irom renter of rarth to tenter of moon, 
• I mile 



Compared to the Earth 

about *4 

oblate spheroid 
ellipse 

's, of fl() X 10-' tons 
1 

about 7 miles per second 
abundant 



is ihv (listunr<* lo the moon inoaHurrd? 

'Ihr most aeemate distanee determination has been 
mado by usin^ a Iast*r. The interval of time between 
the instant a laser beam is broadcast to the moon and 
the instant it is reflected baek can be deteniiined to 
within a tew miiUontbs (>f a setoud. The distanee is 
the spt'ctl (if tin- Kiscr ( spood of li^lifi multiplied by 
half tlif time nMjuiit-d tlu- roimd trip. 

Students may do a simple experiment which will *' 
low them to ealeidatr the diameter of the moon .i the 
un an distant (■ Iroui the earth to > loo!' e- ^ A wn. Holt! 
a rntjud pencil of diameter d i iieh* .n line of sii^ht 
w ith till- n.nnu Awd nieasun- the distance x ( inches ) 
linni the « \r to the part «>f the j^'ucil elosest to the 
e\(' whi'u the monn's disk is just eeli]>sed. If I) is the 
diaiuftcr (li the moDu in miles the equation 

d D 

- lan be sol\-etl for I). 

W hy dors tlir moon appear so l»ri££liti^ 

While the ujno!) is the brii^htcst object in tlu' sk\ 
it absorbs uiost n} tlu' suidi^ht it retiMM'S, reih'etiui: 
nuW a small p.arl toward the earth. If the moon conld 
rellr( t all tin- li<ilil it T-ee»'i\( s it would apj)ear 11 
times as bimht as it doc- now. The iaet that it is the 
closet nfi^||};nr wi- ha\c uiakcs it aj')})ear so brii^ht. 

Ki'f«»reners 

Alter. Disniore i lW(sTi. Virtor'uil (Itiidr to the Mnotu 

T. II. (.Vnwel! ( o. 
Clarke. A. (\ M'iol', Exploration o/ the Moon. 
Harp<'r. 
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Firsoif, \ , A. (1959), Strau^e World of the Moon. 

\ew York: Hasie Hooks. 
Kinj^, Ilenrv C. The World of the Moon, 

T. H. C:roweIl Co. 
Kuiper, \\ (ed.) (U)62). The MooUy Meteorites 

a}ul i'o})n'ts. University of Chicago Press. 
W ilkin- 'r \\ (19.54). Our Moon, Muller, London. 
. V. L, (1958), I'Mrth, Moon ami Planets, 

Cross* .. 

W liat aro tlir iKisir niotion.s of the moon? 

The moon re\ oK'es around the earth from west to 
east in a perioii of 27 ^ ^ da\ s. Since this takes place 
while the earth is rexoK ini^ around the sun, the moon 
also re\()l\'es around the sun. The plane of the nioon*s 
orbit is incliiu'd 5 dei^rees to the plane of the earth*s 
orbit around the sun. This will be shown t(^ be of 
i^reat impo'tance later in explaining how eclipses 
occur. 

The perio<l of rotation of the moon is the same as 
its pe:iod of i-e\'oluti(Mi-27 ' ;{ da\*s. This is the same 
as saNiuLT that it makes a complete rotation on its 
axis in t'.e same time as it revolves once around the 
earth. The result is to ha\e the same sidi' of tlie moon 
facin«4 the earth at all times. 

\etualK we can see approxiniately 59 per cent of 
the surlac (' of the tu(iou due to its rocking motions or 
libratious. 

W liat part dors thr moon |day in producing 
vclipfivs'f 

All ec lipse occurs when either the earth or moon 
euiduiiters the (itbei's shadow in space. Usually the 
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sluidoNv uisl 1)\ iMilli or moon falls upon no oihw 
ii.ituiMl l)()tly in spair, Iiowtwi'. slumltl moon [lass 
into tlK' sh.idow ol llu- cirtli .i lun.n- (■rli[)si' rt'sulls 
( siH' fimnt* .').() ), 'lliis l.ikt'.s pl.iiH' (lininn iho tiill moon 
pli.isr and to lawsc a total hinar i'ili[>SL' thi' moon must 
pass fonipk'ti'ly into [\\v shallow of tlu' earth. 

Tlu* shallow cast by thr I'arth or moon consists of a 
toniplctrly ilark inner conr called the umbra and a 
semi-darkened .surroundiu<^ cone called the penum- 
bra. When the rnoon passes completely into either 
the umbra or petunnbra tlie eclipse is total. In this 
case it llu' moon does not enter the umbra it is known 
as ii penund)ral eclipse. If the moon does not com- 
pletely enter the penumbra it is a partial lunar cchpse. 



A lunar eclipse can be viewed 1)\ all persons who 
are located on the uii^hl side of the earth. For tliis 
reason a larm' number ol' peoi)le ha\e seen eclipses 
oi the moon. 

Since the path of the m()ou aroimd the earth is lilted 
fi\-e decrees to the plane of the earth's orbit around the 
sun the moon does not pass into the shadow of the 
earth at each full moon [ihase. 

How tirv solar rrlips^*?* <'ausi*(l':' 

During a t(?lal solar eclipse, the nml)ral portion of 
the shadow of the moon touches the earth. This can 
happen oid\' duriirj; the new moon phase. The moon 
iOM)plete]\- coN'ers the sun. (See figure 3.7 and Phite 
3.2. ) ()id\- those [icoi^le witlun the narrow band of 



MOON'S ORBIT 




EARTH'S SHADOW 



PENUMBRA 



Figurr Lunar Eclipse. 
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Figur*' Solar Fi'lip^r. 




IMah' .'{.2 Solar K(lipM> of March 10, 1970. 

till' hiii1)ImI nIi.kIdw will sc'i' a ti)lal I'l lipsc of the sun. 
'Vhv last total snlar ('i'lij)si* visible Iroin the coutiiuMital 
l iiilrd Stall's was Mart li 7. 1970 aiiil tlie next will not 
1)1' until H)7^). Only those proplc within thi' nairow 
hand ol thr innhial sha(l(»w whiih will cross the state 
1)1: W'aNhinmon will he ahlc to witness totality. I. ess 
than 17 tin- total j)oi)nlation of the earth ha\e sn-ii 
a total t'rli[)M- ot tlu' sun. 

Thosr people ontsiile of the [)ath of the unihra, ami 
Ntill within the j)ath of the peinnuhra, woultl witness 
a paitial eelij>se. The motion of the moon in its orbit 
ami the rotational s])eLMl of the earth eouihiues to 
nio\-e the shatlow aeross the surface of tlie earth at a 
speeii siieh that totality never lasts more than 7 min- 
utes at any uiven loeation. 

How ilors llio moon ;ilTrrl ihr on the rarlh? 

The nnitual <;ravitatif)nal attraction betwtw^n tlie 
rarth ami the moon causes the water on tlic earth to 
be pulled toward the moon. Tliis tidal bnlije is a 
direct result of the moons gravitational attraction, 
' See fiuure '),8. ; 




A tidal hulue is also produced on the opposite side 
of the earth. This is i^enerally explained as being 
cansed h\ the lessened i^i a\ itational pull on the water 
on the far side whieh permits the force caused by the 
rotation of the earth to move tlie w^atcr ontwMrd from 
the surfaee, '['here arc two tidal holies: a direet tide 
on the side laeim^ the moon and an opposite tid(» on 
the side faeimj; aw<i\' from the moon. 

These tidal bullies follow the moon as it moves 
ai'onnd the earth aiuK combined with the rotation of 
the earth. ])rodnee two bii^b tides every 24 hours and 
50 minutes. 

Why (lorsn*t tlir sun prodiiee ;in ufTcet upon the 
ocrans of thr rarth? 

The i;ravitatioiial attraction of the sun does raise 
(idal bulges in the oceans of the earth. These tides 
are very small because the i^ravitational attraction of" 
the sun is (pute weak because of its i^rcat distance 
from the earth, 

Twic(» caeb month the sun ami the moon are in a 
direct line with the earth (at full moon and new 
inof)u ) and their forces combine to produce unusually 
hi^b tides called spring tides. The word *\spi ini;" bears 
no relation to the season of the year, (See figure 3.8.) 

Diirint^ the first and last cpiarter phases of the 
jnooji, tlie stuj and luooji are at riglu angles to each 
other so that their gravitational forces are not com- 
hiued. .\t this time their gravitational forces are min- 
imal and uimsually low tides are produced which are 
called neap tides. (See figure 3.9,) 
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How are the different phases of the moon pro- 
duced? 

If the moon prcduced light of its own it' would 
appear as a full moon at all tinvjs. Since the moon» 
like the earth, produces no light of its own what we 
see is the area lighted by the sun. Because it is ap- 
proximately spherical in shape the sun can only illu- 
minate one-half of tTie moon at any one time. The 
revolution of the nioon around the earth and its own 
rotation serve to cause the lighted half to change con- 
stantly. The varying amount of the moon's light half 
that' can be seen from the earth we have called its 
phases. (See figure 3.10.) 

From new moon to full moon takes approximately 



two weeks and the amount of lighted half which we 
see is increasing. The moon is said to be waxing. 
From full moon to new moon again takes approxi- 
uiately two weeks and the lighted half which we are 
able to see is decreasing. The moon is said to be 
waning. 

At new moon the entire un lighted half of the moon 
is facing the earth and we see nothing. At the cres- 
cent phases only a small edge of the lighted half can 
!)(» seen. At the quarter phases the side of the moon 
facing the earth is half lighted. At tlie gibbous phases 
only a dark crescent remains un lighted. At full moon 
the entire side facing the earth is lighted. 
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Figure 3.10 Phnses of the Moon. 
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THE SOLAR SYSTEM 
Major TopioH Explored 

McMnbcrs of the Solar System 
Sun 

Phinots and Their Satellites 

Comets 

Asteroids 

Meteoroids 

Dust and Gas 
Planetary Orbits 
Life on Other Planets 
Oriijin of the Solar System 

What <|f'trriniiu's whether an objet't in a member 
of our i«olar HVHteiii? 

When one eonsiders tlie mass of the sun compared 
with the mass of the solar system, it practically is 
the solar system. The sim comprises 99.86% of tlie 
mass of the u;roiip of objects over which it has direct 
i^ravitational control. AH such objects are members 
of the sohr system. 

Most of the material of the solar system which is 
not part of the sun itself. 0.135% of the system's mass, 
is concentrated in the planets. The nine known plan- 
ets include Earth, the five planets known to the an- 
cients: Mercury, Venus, Mars. Jupiter, and Saturn: 
together with the tliree which have been discovered 
since tlie invention of the telescope: Uranus, Nep- 
tune, and Pluto. 

Ill addition to ihv sun and planets^ what else does 
our Holar system eontain? 

Other than the sun and the planers the next most 
prominent members of the solar system arc the sat- 
ellites. Mercury, \'enus, and Pluto have no known 
satellites. Jupiter has twelve. Saturn ten, Uranus five, 
Neptune and Mars each liave two, and Earth one. 
This skives a total of 32 tiny bodies which revolve 
about their parent planets. They range in si7,e from 
roui^hly 5 miles in diameter (Phobos of Mars) to 
'yOOO or 3500 miles in diameter (Titan of Saturn). 
They are all dead, iiirless worlds except Titan, which 
has an atmosphere of the same poison gases foimd 
(m its parent planet, Saturn. The satellites comprise 
0.0004!? of the mass of the solar system. 

Next in order of mass in the solar system are the 
comets. More than a thousand have been observed 
and an averai^e of five to ten are discovered telcscopi- 
cally each year. Most of the newly discovered comets 
have orbital periods of thousands and even millions 
of years and have never l)een observed before in re- 
corded history. 

The orbits of comets are very elongated ellipses and 
they spend mf)st of their tiine in the part of their orbit 
that is very far from the sun. As a comet approaches 



the sun, it warms up and s{)me of the particles vapor- 
ize to form a cloud of gas or coma around the swarra 
of particles. The particles and surrounding coma 
comprise the head of the c/)met. When within a few 
astronomical units from the sun, the pre.s.sure of the 
sun's radiation (solar wind) forces particles and gases 
away from the head to form a tail which always points 
away from the sun. The head of a comet may be from 
10,0()0 to 100,000 miles across and the tail may e.xtcnd 
millions of miles. The mass of a typical comet is 
thought to be less than a billicmth— perhaps less than 
a trilliontb-that of the earth, therefore, they are ex- 
tremely flimsy entities. Little is known about their 
origin although it has been hypothesized that there 
may be a vast cloud of a hundred billion or so comets 
surrounding the sun at a distance of trillions of miles. 
Comets are estimated to comprise 0.(.){)0'^% of the mass 
of the solar system. 

Next in order of decreasing mass are the minor 
pLj)jct.s, also Cidled either asteroids or planetoids, 
which arc orbiting the sun between the orbits of 
Mars and Jupiter. Most of them arc invisible to the 
naked eye; however, tens of thousands of them are 
probabl}- large enough to ob.se r vr with existing tele- 
scopes. Ceres, the largest minor planet, has a diameter 
just under 500 miles. Most are only a mile or so in 
diameter. These minor planets make up approxi- 
mately 0.000000:3% of the mass of the solar system. 

.\|')proximateIy of e<iual mass with the minor plan- 
ets arc the meteoroids. These very tiny particles, too 
small to observe as they travel in their orbits, only 
make tlu'ir presence known when they collide with 
the earths atmosphere, heat up by friction, and va- 
porize. The luminous vapor produced looks like a 
star moving across the sky, hence the name "shoot- 
ing star'. The correct term is meteor. 

The total number of meteoroids that collide with 
the earth's asm{)spherc has been estimated at 200 mil- 
lion during a 24 lir. period. 

Should a mcteoroid enter our atmosphere it be- 
c{)mes a meteor and should this meteor survive its 
flight and land upon the earth's surface it is then 
called a meteorite. The largest known meteorites have 
masses of ab{)ut 50 tons. Most are the size of small 
pebbles. One {)f the most fam{)us meteorite craters 
in this country is the Barringer Crnter in Arizona. 

The final, and most tenuous part, of the solar system 
is th{» interplanetary medium. It makes up less than 
0.0(KJOO()I% of the mass of the solar system and is the 
part about which we know the least. The two com- 
ponents of the interplanetary medium are the inter- 
planetary dust and the interplanetary gas. 

The interplanetary dust might be considered as 
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a sparse general distribution of miorometcorites 
throughout the solar system, or at least throughout 
the main disc that contains the orbits of the planets. 
The effect of these particles can be seen on a dark, 
clear night as a faint band of light circling the sky 
along the ecliptic. This band of light is brightest near 
the sun and can be seen best in the west a few hours 
after sunset or in the east a few hours before sunrise. 
At times it can be seen as a comn!i?te band across the 
southern sky and because it follows the ecliptic or 
zodiac it is called the Zodiacal light. Spectrographic 
analysis indicates it to be reflected sunlight and on 
this basis it is assumed to be due to the reflection 
from microscopic solid particles. 

Some of the Zodiacal light from regions near the 
sun has characteristics which indicate it comes from 
atoms or electrons of gas. This suggests the presence 
of interplanetary gas spread tbroughout the solar sys- 
tem. Evidence in fVi'/or of this conclusion also comes 
from space probes which have contained instruments 
to measure rapidly moving atoms and charged atomic 
particli\s. Furdier support comes from high altitude 
rockets carrying cameras which can photograph in 
the far ultraviolet region of the spectrum. These pho- 
tographs show a point illumination apparently emitted 
by hydrogen gas high in die atmosphere or in inter- 
planetary space. Finally, the tails of comets indicate 
the presence of a gaseous medium producing a drag 
upon the tails as tliey move through space. 

The density of the interplanetary medium is prob- 
ably not less than a hundred or so atoms per cubic 
inch and not in excess of a few thousand per cubic 
inch. This is a much more nearly perfect vacuum 
than can be produced in any terrestrial laboratory. 

I^lanetary Orbits 

Why <lo planets in a solar system travel in orbits 
about the sun? 

Johannes Kepler 'in 1619 first defined three rules, 
based on the observation of Tycho Brahe, which de- 
scribe planetary behavior, Kepler's three laws sum- 
marized are: 

First Law: Each planet moves around the sun in 
an orbit that is an ellipse with the sim at one 
focus. (The planet's distance from the sun is, 
therefore, changing constantly.) 

Second Lau : (The Law of Areo<^) A straight line 
joining a planet and the sun sweeps out equal 
areas in space in equal intervals of tim^. (This 
means that the orbital velocity of a planet is con- 
stantly changing and when a planet is at peri- 
helion (point of its orbit closest to the sim), it 
travels fastest; when it is at aphelion (point of 
its orbit farthest from the sun), it travels slowest. 



Third Laic: For any planet the ratio of the cube 
of its ineau distance from the sun to the square 
of its period of revolution is equal to that ratio 
for any other planet. This simple algebraic ex- 
pr{\ssion can be used to determine the period of 
Jupiter if its distance is expressed in astronomical 
units as t 5.6 A.U.: 

Earth Jupiter 
IVl- = (5.2Vp-^) 
The cube of 5.2 being 140.6 the period of Jupi- 
ter should be the scpiare root of 140.6, or just 
under 12 years. This agrees with observational 
evidence. 

What keeps the planets in their orhits? 

.Mthougb Kepler s three laws describe planetary 
motion they do not explain why planets maintain 
relatively fixed orbits. It remained for Newton in 
1687 to explain this question witli the formulation of 
his Law of Universal Gravitation which states: Every 
molecule of nuitter in the universe attracts, and is at- 
tracted by, every other molecule. The force of this 
attraction depends upon the mass of the particles and 
the distance between them. 

mi mo 

This is expressed mathematically as F = G . 

d- 

Tlie forci\ F is between two bodies of masses nii 
and nij, and separated by a distance of d. G is a 
nmnber called the "constant of gravitation" whose 
value has to be determined experimentally by the 
laboratory measurement of the attractive force be- 
tween two material bodies. Stated another way the 
force of attraction between any two objects in space 
varies directly as the product of their masses, and in- 
versely as the square of tlie distance between them. 

The gravitational attraction between the sun and 
the planets residts in the orbital motion of the planets 
about the sun. 

While it should be noted that Newtonian mechan- 
ics had to be corrected in relation to t' ) theory of 
relativity and the (piantimi theory, wc should not 
jump to the conclusion that Newton .vas wrong. 
Natural laws are the means by whicl science at- 
tempts to describe nature, not explain it. The laws 
oF Newton do an excellent job of des ribiug a wide 
range of phenomena; howe\'er, it is v mistake to ap- 
])ly them to situations that are outsit • their range of 
validity. The laws of science giv(» m a model of the 
universe and as long as their mo accurately de- 
scril)(\s nature, it is not an incorrc 'me. The simple 
Principles r)f Newtonian m(»ch; * ;ls are within the 
grasj) of most high school y'udents and give an 
amazingly accurate represer.'.ation of most natural 



phcuoiiK'na to the cU'^rcc tluit thvy serve their pur- 
[xvse well. 

Life on Other Phinetn 

Ih there life on other phinett^'^ 

While we eaimot rule out tlie possibility of life 
proeesses whieh are unknown to iis we have no evi- 
(leiiee for tlieir existenee and, therefore, must eonfine 
our speeuhition to those eonditions under whieh 
known life forms ean exist. 

Only the planets Venus, i Muth, and Mars have eon- 
ditions imder whieh we eould even remotely imagine 
life to exist. 

.\mon15 the eonntlt'ss billions of stars in the uni- 
\-erse we have no reason to assume that there are not 
a large ninnber of planets, and that some of these 
planets would have eonditions approximating those 
on eartli. \\*e ean only spceulate on whether life 
abounds in the imiverse, or is unicjue to the earth. 

Origin of the Solur System 
How (lid the aolur i^yhtem form? 

A great many theories have been advaneed to try 
to exi)lain the origin of the solar system. Most of 
them ean be elassed into two general categories 
(1) Chainherlin, Moulton, Jeans, and Jeffreys were 
among those who postulated that a pas.sing star 
pidled niat{'rial out of our sun from whieh th(» plan- 
{'ts were rormed; (2) Kant, and later Laplace, sug- 
gested that the sun and planets formed from the same 
cloud of cosmic gas and dust. 

Most modern tlicories fa\*or the second mechanism 
chicHy because of the ex[K'cte(l rarity of such a close 
stellar encounter and also because all the planets re- 
volve in the same (h'rection with orbits in nearly the 
same plane. 

One can speculate that the original cloud of matter 
that formed the solar svstem was much larger than 
the orbit of the most distant planet. It also must have 
had a slight rotation. .\s this cloud contracted, it 
rotated faster and faster to conserve angular momen- 
tum. Nfost of (he entire mass contracted to form a 
dense core which became the sun. A small fraction 
of the material, in the form of a disk, was left behind 
to form the planets and their satellites. 

.\ mechanism I)y which the planets wi're formcnl 
was suugested by C. F. Von Wei/saeker in the mid 
H)Urs, later modified by Kuiper. and is known as the 
protoplanet hypotliesis. According to this theory the 
protoplanets were condensations that developed in 
th(» rotating disk. The planets formed in the denser 
portion of these condensations and the satellites from 
small-'»r sub-condensations. 
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THE NEAREST STAR— OUR SUN 

.Major TopirH K\|iIoitiI 

riiysical ( 'I i. tractor is ti cs 
('DinposilioM 

DoU'rniiiiiition of C^)mpositi()n 
E\|)(*ttc(l Life of Sun 
Nuclear Kiut^n- Prodi ittion 

How (loi'H it rompuro pliysicallv with oilier 8turH? 

EssiMitiiilly, our suu is a yellow star, average in all 
ehiu'iicteristies. if is SfiCMMK) miles ii> diameter with 
a mass of :3:):).42() eiirth-niasses. The volume of the 
sun is ruon* diaii I tnilliou tifues the earths vohimc. 
The e(nni)o>itioii of die suu is approximately 90% hy- 
drogen and helium with the remaining 4"?- being 
made up of the remaining 04 of the 92 natunil ele- 
ments whieh astrnn{)mers have identified as existing 
on the sun. Vn^ssnrv at the center reaches millions 
of tons while the interior temperatures reich 25 mil- 
li(Ui decrees Faln-enheiL The surface {>f the sun aver- 
ages 1 ().()()() degrees F. except for sunspots which ;ire 
approxinuitely 7, ()()() drgrees F. 

What (loeH tlir sun look likt^ to the astronoiner? 

Seen with the proper ecpiipmcnt many features of 
the sun whith are invisible to the naked eye are 
present. What appears to us as the surface of the sun 



is the photosphere. This is the level at which tlie sun 
heeomes opaci'ic. (See Figure 3.1L) As a precaution 
(nie shoukl not look directly at the sun at any time, 
esp{M.'ialIy with binoculars or a telescope, even if 
filters are used. The amount of heat absorbed by 
filters has been known to crack tbeni, and if diis 
should happen while observing, blindness could re- 
sult. The only safe means of viewing the sun with 
a telescope is by projecting the image upon a surface. 

Dark blotches which appear on die photosphere 
are severe "storms" calletl sunspots. The number of 
stuispots seen varies regularly over a period of 11. 1 
\(*ars. At maxinunn suns pot activity streams of 
charged particles (probably protons) are ejected 
which are beheved to be responsible for the "mag- 
nelic storju" which interrupts radio transmission and 
produces amoral displays here on earth. 

The next layer outward is the chromosphere which 
prior to th( invention of the coronograph could be 
seen only during a total solar eclipse. This reddish 
ti)Iored /one is about 5()()() miles thick with a rather 
indistinct upper boundnry. 

The outermost layer identified by astronomers as 
part of tlie solar atmosphere is the corona winch ex- 
tends at least a million miles beyond the photosphere. 
'I'his pearly-greenish layer has a temperature of at 
least a million degrees Kelvin; however, it must be 
u!uU*rstood that because of die low density of the 




loroiKi it (loivs not toiilain imich attivc heat despite 
ihv liii^li tcmpiTatuiv. 

By wliut iiiiuitiH dors i\w astroiioiiior ilotormine the 
coiiipoHition of the sun? 

The FriMuh pliilosoplu'r, Aiii^ust Comte, pnblislicd 
;i hook ill ISo5 in whith ho stated tliat while astrono- 
mers eouUl tletennine "the shapes, distances, sizes, 
.mil motions" of phmet's and stars, "whereas never, by 
any means, will we be able to study their chemical 
compositions (as) their mineralope structure . . 
Astronomers proved hini wrong, 

It iiad loirj; been known that colors were produced 
wlieii white ii^lit was passed through a prism but 
prior to Newton it was thought that the glass pro- 
duced the color. Ni'wton used a prism to produce a 
spectrum anil tlieu recombined the various colors by 
Vedecliug them by imnors uf)on a screen. When re- 
combined, die residt was white light whidi indicated 
ibat the glass prism hatl not caused the colors, but 
hatl oidy separated them out from white light. 

To Newton the solar ^system appeared as a bantl 
of colors; hnwevi'r. in 1S()2, William Wollaston ob- 
served several cLuk lines running across the solar 
spectrum. He explaineil these lines as boundaries be- 
tween colors. Later, in 1814-15, Joseph Fraunhofer 
made a more careful examination of tbe solar spec- 
trmii and fojmd 600 such dark lines. Of these 600 
lines, be noted the specific positions, or the wave- 
leimdis. of of tliem. To the more pronounced of 
the lines he assigned letters of the alphabet iucrcas- 
iu<: from the red to the violet end of the spectrum. 
Today sevtTal of these lines in the solar spectrum 
are still referred to by the letters assigned them by 
I'riumhofer. 

The fcill significance of the Fraunhofer lines was 
not miderstood until in ltS62 several scientists. Sir 
(icorge Ciabriel Stokes in Cambridge. Anders Jons 
Aimslrom in Upsala, and Bernard Leon Foucult in 
Paris had noticed that the D line, which was an espe- 
cially pronoimceil double line in the yellow section of 
the solar sp(»ctrum, could be produced by heating 
soilium. Did this mean that there is sodium in the 
sun? In giving an affirmative answer to this question 
an absolutely undreamed of possibility became a real- 
it\-: chemical analysis of a body from a distance of 
U.) million miles. 

The spectroscope, a device which separates white 
lidit into various colors, was further refined and de- 
vel()))m(»nt of special analysis was perfected by Gustav 
Adolt Kircholf and Hobert Wilhelm Himsen. 

The spectra of stars gives us such infomiation as 
temperature, pressure, the presence of particular ele- 
ments and their relative abundance, radial velocity. 



relation, turbulence, the presence of magnetic fields, 
and the existence of shells of ejected gases. 

As i basic introduction to spectroscopy students 
should observe various light sources, such as Geissler 
tubes which show emission lines. A simple shoe box 
sp(»ctroscope can be constructed for tuis purpose. 
(See figure 3.12.) Inexpensive hand spectroscopes are 
available from scientific supply houses at low cost. 




TWO RAZOR BLADES TAPED EDGE TO 
EDGE OVER V* BY W SLOT IN BOX 

fifcuro ,'{^12 Mioe Uox Spectroscopic. 

How loii*x will the sun eoiitiiiue to provide the en- 
ergy needed for life in our 8olar nygtcni? 

Some astronomers place the age of the sun at 5 
billion yeai'.s and estimate that it will last approxi- 
mately an e(iual length of time. 

Our sun and the vast majority of other stars are in 
a "steady state**. This is to say that they are neither 
(*\panding nor contracting. A condition of equilib- 
rium exists so that all forces are balanced and at each 
point within the star the temperature, pressure, den- 
sity, etc. arc being maintained at constant values. 
Basically the tremendous gravitational force which 
tends to c()l lapse a star is exactly balanced by a force 
from wilhin. 

Nuolear Energy Production 

The temperature which exists in stars are such that 
all chemical elements are vaporized to gases. The en- 
ergy j)rt)duction from within the stm, which serves to 
supp()rt the weight of the surroimding gases, comes 
from two different series of mi clear reactions. In 
either, hydrogen is eventually changed to helium un- 
der the coudilious prevailing in stellar interiors. The 
carbon cycle involves collisions between tlie nuclei of 
hydrogen and carbon. In successive collisions with 
hydrogen nuclei (protons), a carbon nucleus is built 
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up into nitrogen and tlitMi into oxygen, which in turn 
ilisiiitegrales hack into a cai bon nucleus and a helium 
nuclfiis. 

Tlic* other nuclear reaction is the proton-proton 
chain. Protons collide directly to form, first, deu- 
terium nuclei (heavy hydrogen) which, after further 
collisions with protons are transformed into nuclei of 
a lii^Iit form of helium. These light helium nuclei 
collide with each other to form ordinary helium. 

it is helieved that in the sun and other less lumi- 
nous stars, the proton-proton chain accounts for most 
of the nuclear energy, while in more luminous stars 
tlie car])on cycle is the most effective means. 

Tliese nuclear reactions occur deep in the interior 
of a star and produce mostly electromagnetic radia* 
t'un at very short wavelengths-in the form of X-rays 
and L^annna rays. Before this energy reaches. tile sur- 
lace. it is absorbed and rcemitted by various atom- a 
great number of times. By the time the original 
X-rays and gamma rays reach the surface of the sun 
they have been converted to the' photons of lower 
('nergy and longer wavelength which we actually ob- 
serve leaving the star. 
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Locating Celestial Objects 

To locate an object on the celestial sphere, the as- 
tronomer must know his location, the local sidereal 
time, right ascension and declination of the object. 
It is probably not wise t'o teach the intricacies of the 
coordinate systems to the average student, but a 
knowledge of sidereal time will enable the student 
and teacher to use a starfinder and a celestial globe 
in identifying stars and constellations. The use of the 
setting circles on a telescope also requires some 
kiiowledge of coordiiiatc systems. Planetarium teach- 
ers must also be familiar with locating objects in or< 
der to set up their equipment properly. A complete 
description of coordinate systems, celestial globe, and 
starfinder follows. 

COORDINATE SYSTEMS 

Horizon Systems of Coordinates 
(Refer to Celestial Sphere Diagram) 

By the celestial sphere we mean the whole sky, or 
the imaginary surface on which the stars, planets, 
etc., seem to be located. The center of this sphere is 
the center of the earth. Because the earth is so small 
in proportion to the size of the sphere, we usually 
consider the center of the earth to be at the same 
point as the observer. 

In die horizon system of coordinates, the point on 
the celestial sphere directly overhead the observer is 
the zenith. (See figure 3.13,) The point directly be- 
low is the nadir. These points may be located pre- 
cisely by means of a plumb line. The great circle on 
the celestial sphere, midway between the zenith and 
nadir with the observer at its center, is called the 
astronomical horizon. A great circle starting at the 
zenith, passing through an object and the nadir, is 
called a vertical circle and is perpendicular to the 
astronomical horizon. 

The coordinates of an object in the horizon system 
of coordinates are azimuth and altitude. The astrono- 
mer usually measures azimuth from the north point 
on the horizon, eastward around the horizon circle, 
to the point where the vertical circle through the star 
meets the horizon. Thus the east point on the ho'-izon 
circle has an azimuth of 90'^, the west poii c, 270®. 
The symbol for azimuth is Z„. Starting on the hori- 
zon, the angular distane(* measrired upward along the 
vertical circle, passing dirough the star to the star 
itself, is called the altitude of the star. Thus a star 
midway between zenith and horizon would have alti- 
tutle 45 . Ohjects below the horizon may be specified 
to have negative altitudes. The symbol for altitude 
is h. 



Na 



Figure 3«13 CELESTIAL SFHEBE 

Latitude of observer equals the elevation of Pn or Pb 
L.S.T, MmT L,H.A. MmT 
R.A. T T Azimuth NR 

Dec, TB Altitude RB 

(Note; the arcs, a? indicated above, are for this sketch only) 

Abbreviations 



z 


zenith 


T 


first point of Aries (vernal equinox) 


Na 


nadir 


PnG 


Greenwich meridian 


E. 


north ecliptic pole 


PnZMP, 


observers meridian (upper branch) 


E, 


sonth ecliptic pole 


Hor. 


celestial horizon 


Pn 


north celestial pole 


Ec, 


ecliptic 


P> 


south celestial pole 


CE. 


celestial equator 


N 


north point of horizon 


L.H.A 


local hour angle 


S 


sonth point of horizon 


L.S,T, 


local sidereal time 


v.c. 


vertical circle 


T 


foot of hour circle through B 


H.C. 


honr circle 


R 


foot of vertical circle through B 


B 


celestial body 


w 


westward direction along CE. 
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Since each peison, in effect, carries his own zenith 
and horizon around with hiin, altitudes and azimuths 
of objects will not be the same at all points on the 
earth's surface. This is a disadvantage; but when the 
horizon system of coordinates is used in conjunction 
with the equator system of coordinates, it will be very 
useful in describing the position of an object. 

Equator System of CoordhiateB 

In the equator system of coordinates ( refer to figure 
3.13), those points where the earth*s axis prolonged 
intersects the celestial sphere are called the north 
and south celestial poles. The cele5tial equator, a 
great circle on the celestial sphere, is midway be- 
tween the poles and may be thought of as the projec- 
tion of the earth's equator onto the celestial sphere. 
Looking down on the celestial equator from the north 
celestial pole, we shall define a clockwise direction to 
be a westward direction. A great circle drawn on the 
celestial sphere from pole to pole and passing through 
an object is called an hour circle. This hour circle 
intersects the celestial equator at right angles. 

The apparent path of the sun, called the ecliptic, 
intersects the celestial equator at' two points, called 
the vernal equinox and the autumnal equinox. The 
plane of the ecliptic makes an angle approximately 
23)2° with the plane of the celestial equator. The 
symbol T on the diagram denotes the vernal equinox. 
Location of the vernal equinox will be discussed un- 
der sidereal time. 

The coordinates of an object in the equator system 
of coordinates are right ascension and declination. 
The right ascension of an object is the angular dis- 
tance or length of arc measured from the vernal equi- 
nox eastward along the celestial equator to the foot of 
the hour circle passing through the star, from 0° to 
360 or, as usually expressed, in time units of 0** to 
Here I hour corresponds to 15°. We shall de- 
note right ascension by the letters R.A. Starting at 
the celestial CHpmtor, the angular distance measured 
along the hour circle passing through the object to 
the object itself is called the declination of the ob- 
ject. Stars north of the celestial equator have their 
declinations marked N or +; those south have their 
declinations marked S or -. We shall abbreviate dec- 
lination by dec. 

Latitude of the Observer EqtiaJs the Elevation of 
Pn or P„ 

-i^L := Jf;E, i.e., latitude of the observer is equal 
to the elevation of P,,. The polar axis and the line 
of sight from the observer to Pn may he considered 
to be parallel (intersecting at infinity). Refer to fig- 
ure 3.14. 




Polar Axis 

Fignire 3,14 Diagram indicating that the altitude (in de- 
grees) of the north celestial pole, Pn^ above 
the observer's horizon is equal to the ob* 
server's latitude. 

Sidereal Time 

The upper branch of the observer's meridian is that 
half between the poles which contains the zenith; the 
lower branch is the opposite half. In the diagram of 
the celestial sphere, the upper branch is the arc 

PnZP«. 

The local hour angle (L.H.A.) of an object is mea- 
sured along the celestial equator from the upper 
branch of the observer*s meridian (M) westward to 
the foot of the hour circle through the object 

The local sidereal time (L.S.T. ) is the local hour 
angle of the vernal equinox. Thus the local sidereal 
time serves to determine the position of the vernal 
equinox on the celestial equator. Refer to figure 3.13. 

Determtnatioti of Local Sidereal Time 

.\. See table giving approximate L.S.T. for 75° W. 
longitude at 7 p.m., E.S.T. (See "Directions 
for Using the Starfinder.") Correct for your 
longitude. If you are east of 75°, add the dif- 
ference between your longitude and 75° to the 
given figure. If west of 75°, subtract the 
difference. 

B. \ sidereal clock gains approximately 3™58'' 
daily over an ordinary clock. When it is mid- 
night, i.e., 0*' for an observer on or about Sep- 
tember 22, it is also 0** sidereal time since the 



voriuil cciiiinox is on the observers meridian. 
From tills data one can estimate the L.S.T. cor- 
respondini^ to a l^iven time zone to within a 
few minutes. 

C. .\ccurate determination of L.S.T. (to within 1 
second ) 

1. Select your zone time so that Z.T. ± Z.D. = 
G.Nf.T. 

Note: G.M.T. nn: U.T. (Universal Time). 
.-Vdd the Z.D. (the integer number of hours 
the central meridian of your zone is from 
the Greenwich meridian ) if you are in west 
longitude; otherwise, subtract. 

2. In the .American Ephemeris and Nautical 



.\lmanac for th(» year in question, find the 
(i.S.T. corresponding to the G.MT. of 0** 
and date. (G.S.T. Greenwich hour angle 
of llie vernal equino.x, or H.A. of First Point 
of .\ries.) 

P>oin tlie G.S.T. subtract your precise longi- 
tude if you are in west longitude; otherwise, 
add. You now have the L.S.T. correspond- 
ing to th(^ Z.T. in step 1. Correct for pas- 
sage of time, and remember to add 10" 
additional for each hour of time past the 
given Z.T. The reason for this is that a 
sidereal clock giiins 3'".56'' each day over an 
ordinary clock. 



Example: Location: F. & M. Observatory, Lancaster, Pa., Lat. 40^ N., Longitude 5" 05'" 20* W. 
Date and Time: Nov. 10, 1969; Z.T. 19" 30«" 01)^ 



U.T 



ZT. 
Z.D. 

n= G.M.T. 

G.S.T. 
Longitude 

L.S.T. 



L.S.T. 



19^ 00™ 00* 
5 



00^ OO"' 


00« 


03»' 


19" 


51« 


05 


05 


20 


22** 


14" 


3P 




30" 








05» 


22'' 


44"* 


36" 



Nov. 10, 1969 
Nov. 11, 1969 

(From Ephemeris for Nov. 11. 1969) 
(Subtract) 

(Corresponds to Z.T. 19'' in Lancaster on Nov. 10) 
(Gain of Sidereal clock in 30°*) 

(Corresponds to Z.T. 19'' 30°' in Lancaster On Nov. 10) 




Figure 3.15 Nadir 



95 




Nadir 



Figure 3.16 



Example: Where would you look for the variable 
star Xlira at tlie F. & M, Observatory, 
Lancaster, Pa., Lat. 40"" N., Longitude 
5" 05"' 20^ W. on Nov. 10, 1969 at 19^ 30"' 
zone time? 
We obtain the following information 
R.A. (Mira) 02M7"^8 
Dec. (Mira) -03' 07'- 
L.S.T. (as previously 

calculated) 22" 44"' 36« 

L.H..\. ^ L.S.T. - R.A. = 20*^26"' 48« 
Estimated .\zimuth (Zn) = 120° 
Estimated Altitude (h) = 20° 

Reasonable estimates of the azimuth and altitude of 
the object may be made very quickly for a properly 
oriented celestial globe. (See page 97.) 

Much better estimates of Z„ and h may be made 
from a diagram similar to Figure 3.16. Such dia- 
grams are easily prepared and reproduced. First, 
elevate the pole to your latitude. On this diagram 
you are viewing the celestial equator and the celestial 
horizon edge\vi:,v\ Using the horizon line S-N as a 
base line, then later the e({;iator line M-Q, construct 
angles at 15 and mark p{)inls on the circumference 
of the cir.*le. Connect points on opposite sides of the 
zenith-nadir line with lines parallel to the horizon 
hue, then do the same for the equator line. Similarly, 



hour markings are obtained on the celestial equator. 
Distances between parallel lines represent 15° of arc 
in each case. 

For estimation purposes, the same precision is now 
obtained whether the object is on the front or on the 
back of the sphere. 

From this diagram we obtain Z„ = 115"^, h = 25^; 
our estimates are probably not in error by more than 
a few degrees at most. 

Franklin and Marshall College Observatory 
Lat. 40^ 03' .15 N. Long. 76^ 19' .97 W. 

Object: MIRA 



Z.T. 


19 -00 -00 


Date: Nov. 


10, 1969 


ZD. 


05 






C.M.T. 


00 -00 -00 


Date: Nov. 


11 


G.S.T. 


,3 -19 -51 


(Ephemeris) 




A(-) 


05 -05 -20 






L.S.T. 


22 -14 -31 


for 19" 




Corr. 


30 -05 






L.S.T. 


22 -44 -36 






R.A.' 


2 -17 -48 






L.H.A. 


20 -26 -48 






Dee." (-) 


03" 07' 







.\zimuth 
Altitude 



115° (Z„) 



25° (h) 
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USING A CELESTIAL GLOBE 

A celestial globe is a small model of the celestial 
sphere and can be oriented to show the sky as seen 
by an observer at any point on the earth for any given 
time. One must imagine that he is at the center of 
the globe and looking out at the constellations and 
the several thousand stars positioned on its surface. 
The moon, planets and comets are not marked be- 
cause their positions are not fixed in the sky pattern. 
The celestial globe can show only the fixed stars. 

Globes are of two types— one is transparent show- 
ing the earth at the center and the stars on the larger 
spherical surface; the other is opaque. The Farquhar 
Transparent Globe (Plate 3.3) is made by the Far- 
quhar Co., 5007 Warrington Avenue, Philadelphia, 
Pennsylvania 19143. The opaque model (Plate 3.4) 
is made by the Denoyer-Geppert Co., 5235 Ravens- 



wood Avenue, Chicago, Illinois. 

The celestial globe is perhaps the most useful single 
device ever devised for showing the apparent move- 
nieiits of the celestial objects. One can determine the 
positions of objects (azimuth and altitude) by use of 
it without becoming involved in complicated mathe- 
matics. Therefore, every science classroom should 
have one or more models for study and demonstra- 
tion purposes. 

The globe (Plate 3.4) is mounted on an axis of 
rotation which passes through the north and south 
celestial poles. This axis is supported at its ends by 
a bronze ring called the meridian ring. 

The celestial equator is the great circle of the celes- 
tial sphere midway between the celestial poles and is 
the projection of the earth's equator onto the celestial 
sphere. Similarly the plane of the earth's orbit is pro- 




Plate 3.3 Tran> narent Celestial Globe and Solar System Model. 
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jected onto the celestial sphere and forms another 
great circle called the ecliptic inclined 23)2^ to the 
plane of the celestial equator. (The earth's axis is 
tilted from the vertical by this amount.) The ecliptic 
marks the apparent patli of the sun with respect to 
the background stars. As the sun moves on the eclip- 
tic from south declination to north declination, the 
intersection marks the position of the vernal equinox 
( 0" ) indicated by the symbol for Aries ( T ) and oc- 
curs around March 21. The ecliptic is marked from 
to 360^ and the longitude of the sun may be read 
directly on this circle. 

Twenty-four circles of right ascension (R.A.) pass 
through the poles with right ascension increasing 
eastward from T along the celestial equator. Paral- 
lels of declination are drawn for every 10°; 0° to 
90^ N. and 0 to 9U ' S. Thus we can estimate the 
approximate right ascension and declination of a star 
shown on tlio globe. The bright star Sirius (a Canis 
Majoris) has R.A. = 6»'44"', Dec. = -16 Ml'. 

The meridian ring is supported in a horizontal 
wooden ring (Plate 3.3) which is graduated from 0° 
at the north point, eastward to 360° or, from 0° at 
the south point, westward to 360''. This is the horizon 
circle. The azimuth Z„ (sometimes Z^) of any object 
on the globe is determined from the scale on the 
horizon circle ring. 

A graduated, flexible scale, when held at the zenith 
and an edge allowed to pass through the star, repre- 
sents a vertical circle and the altitude of the object 
can be read directly from this scale. Where the flex- 
ible scale intersects the celestial horizon will be the 
azimuth reading. 

To rectify (orient) the globe for latitude and time, 
we do the following: 



(1) Because the elevation of the visible celestial 
pole is numerically equal to the latitude of the 
observer, turn the vertical bronze meridian ring 
until the arc between the horizon of the globe 
and the pole equals the latitude. 

(2) For the given date and zone time calculate the 
local hour angle of the vernal equinox, i.e., 
the right ascension of the observers meridian, 
hence the globe may be rectified by merely 
rotating it until the reading on the celestial 
equator under the bronze meridian ring equals 
the local sidereal time. 

With the globe now oriented for latitude and 
time and also turned so that the north point 
of the horizon is facing north, everything above 
the horizon circle is in the observer's sky at 
that instant. Rotating the globe will clearly 
indicate which constellations and stars are 
circumpolar and therefore never set. 
Celestial globes generally come with manuals and 
detailed explanations. However, if one understands 
the basic concepts of coordinate systems and the steps 
taken in rectifying the globe for latitude and time, he 
or she can write their own manual and develop simple, 
but constructive exercises for students to perform. Or, 
after having given a few basic instructions on the use 
of a globe, the instructor might turn loose several of 
the better students to discover for themselves facts 
and principles about the objects in the sky from a 
study of the globe. 

Example: Where would you look for the star Sirius 
on February 1, 1972 at 19*» E.S.T. in lati- 
tude 40° N. and longitude 76° W.? 

Answer: Azimuth = Zn = 135° (Southeast) 
Altitude = h = 22° 
(L.S.T. = 3»'42"). 
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CONSTRUCTION OF A STARFINDER 

Starfinders, similar to that pictured in Plate 3.5 
iuiw been constructed by several hundred Earth 
Science Teachers at NSF Institutes held at Franklin 
and Marshall College in recent years. They are in- 
expensive to make (approximately 30c exclusive of 
circular level) and they are shnple to use in locating 
rather precisely any celestial object at any given time. 
Dimensions of the various components listed below 
are not critical except for the triangular block where 
the acute angle at the right (where the line is drawn 
on the edge of the block) should be numerically 
ecjual to your latitude. Thus if your latitude is 40'' N, 
the triangular block will have angles 40 \ 50^ 90°. 
For latitude 42 "^N, the appropriate angles are 42"', 
48 90 \ The base of the triangular block shown is 
3U and is glued to the hardboard base piece which is 
5" X 3" X See figure 3.17. 

The '■»" hole in the rectangular base piece is for 
tripod mounting with a nut holding the Starfinder to 



the tripod. Any tripod used for photographic work 
will do though other mounting arrangements may be 
devised, 

.\ liole deep should be drilled at right angles 
into the triangular block and a dowel stick in- 
serted and glued as shown. Shaving a Hat on a 
portion of the dowel stick will enable it to enter the 
triangular piece more readily since air will not be 
trapped. The part extending from the triangular piece 
should remain round. 

The rectangular block 3'Sr/' x 2%,^ x 5!" has a 
'i" hole drilled II4" deep with center approximately 
1!/' from the right end. This piece when on the 
tlowel should appear as in figure 3.18 with about 
separation bc»tween tlie two blocks. If the hole in the 
rectangular block is drilled about |{;4" larger than 
the supposed 'i" dowel, the rectangular block will 
likely turn about the dowel without binding or ex- 
cess looseness. Otherwise it may be necessary to sand 
lightly that portion of the dowel extending from the 
triangular block. 




Fi^re 3.17 Cottstrurtion of triannfular block and base of starfindcr. 
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The scTnicircular declination dial has the same 
dimensions as the rectangular block above it and may 
be made by laying a piece of stiff but thin cardboard 
of appropriate size on the template provided and 
marking off the divisions as shown on figure 3.19 with 
a sharp #2 pencil. 

The circular dial of similar material is 4" in diame- 
ter. Lightly draw two concentric circles near the rim 
to simplify the task of making uniform markings. 
Punch a center hole, then place the cardboard 
circle on the template and mark off the divisions with 
a sharp #2 pencil. The use of a small amount of 
Plasti-Tak to hold the cardboard pieces on the tem- 
plates will simplify the marking process and the 
plastic compound is easily removable afterwards. A 
simple Ji" centerpunch can be made from a few 
inches of round steel—your shop teacher can do 
this for you on a lathe in a few minutes. 

The clear plastic piece is plexiglass and is 4%'' x 
X with a small crosspiece 1" x 'f^i/' glued 
with Duco cement at right angles to the axis and 
about Jh" from the square end. Cut and drill the 
plexiglass while the gummed paper is still on it. Then 
peel and smooth the edges by rubbing on a piece of 
sandpaper laid on a flat surface. With a needle scribe 
a l-i" central line on one side of the plexiglass about 
J/i" from the hole, i.e., opposite where you will be 
reading declination on the semicircular dial. Fill in 
with dark ink and wipe. The small plastic crosspiece 
and this inked line will be on the same side of this 
plexiglass viewing tube holder. 



I CO 
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Filsrurc 3.19 

Template for flerJinntiori and riArht n<«rc*nsion rliuls. 

The aluminum viewing tube, 4" long and out- 
side diameter, is held against the edge of the small 
plastic piece by a rubber band, as shown. At 0° dec- 
lination, the viewing tube should be parallel to the 
rectangular block immediately below it. To eliminate 
internal reflections in the tube either coat the inside 
of the aluminum tube with black paint or insert a 
cylinder of black flock paper made by rolling a 4" x 
1^" piece around a pencil and inserting into the alu- 
minum tube. 

A cardboard pointer 1%" x is cemented to the 
under surface of the declination block (see Plate 3.5) 
and is used for reading right ascension on the circular 
dial. A circular level may be purchased for less than 
a dollar and may be cemented, if desired, at the front 
left of the base piece. 
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X'' white pine or otlier wood is suitable for the 
project and variations on the above design may easily 
be made. The only critical measurements are the 
angles on the triangular block. If the starfinder is 
made with reasonable care and used according to the 
following instructions, the desired object will appear 



near the center of the field of che viewing tube. Mod- 
ern telescopes operate by the same set of principles as 
this starfinder which will locate objects either visible 
or invisible to the naked eye. See Plate 3.6 for Star- 
finder Parts and Plate 3.5 for the completed Starfinder. 
Figure 3.19 is the template to be used for the right 
ascension and declination dials. 




Directions For Using The Starfindcr 

In using tbo Starfintlor (and modern telescopes) 
we need, in addition to riglit aseension and declina- 
tion, local sidereal time (L,S.T. ). The meaning of 
L,S,T. and L.S,T, calculations have been treated in 
detail in the section on Celestial Coordinates, but the 
following table (for any year) may be used by any- 
one whether or not he has a full understanding of 
the subject. Longitude corrections are simply made- 
see examples. 

Approx. I.S.T. at 19'» (7 p.m. E.ST,) in Longitude 
75 ' VV. 







hrs. 


inith 






hrs. 




January 


1 


1 - 


44 


July 


1 


13 - 


38 




15 


2 — 


39 




15 


14 - 


33 


February 


1 


3 - 


46 


August 


1 


15 - 


40 




15 


4 - 


42 




15 


16 - 


35 


March 


1 


5 - 


37 


September 


1 


17 - 


42 




15 


6 - 


32 




15 


18 - 


37 


-April 


1 


7 — 


39 


October 


1 


19 - 


40 




ID 


o — 


I 

o4 




JO 


Z\f — 


oo 


May 


1 


9 - 


37 


NovemlKM* 


1 


21 - 


43 




15 


10 - 


32 




15 


22 — 


38 


June 


1 


11 - 


39 


Deceml)er 


1 


23 


41 




15 


12 - 


35 




15 


0 - 


36 


Because 


a s 


idereal 


clock gains nearly 4"* 


daily 


over 



an ordinary clock, add 4'" for each day past the 1"* 
or 15''' of the month. 



Example 1 

What 18 the approximate L.S,T. in longitude 78° 15' W. on April 4 when the zone time 
\» 22^ (E.S.T.)? 

April 1 L.S.T. 7^ 39°^ for 19\ Long. 75° W. 

Correction (3 days) 12°^ 

April 4 L,S.T. 7^ for 19", Long. 75^ W. 

Hrs, past 19 3^ 

April 4 L,S.T. 10*^ 5F for 22\ Long, 75^ W. 

Long. difFerence (3° 15' j 13;^ ( subtract ) 

April 4 L,S.T, 10^ 38"^ for 22\ Long. 78^ 30' W. 



Example 2 

What i» the approximate L.S.T. in longitude 73° 30' W. on June 6 when the zone time 
18 22»» .^O*" (10;30 p.m.)? 

June 1 L.S.T. W 39^ for 19'>, Long, 75° W. 

Correction (5 days) 20" 

June 6 L.S.T, IP 59"^ for W\ Long, 75^ W. 

Hrs. past 19 3^; 30" 

June 6 L.S.T. "l5»»"29" for 22'> 30'\ Long. 75" W. 

Long, difference (1° 30^) 6^ (add) 

June 6 L.S.T. i5»'"35"' for 22" 30", Long. 73"" 30' W. 

Conversion of Arc to Time 

Arc Time 

15*^ P 
10 4m 

15' 1*° 
1' 4« 
15" 1« 
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Mtiiiiit llic Slarliiulcr on a Iripod or bast* and ad- 
jiisl ii) a IcNcI position use ol a tircular lc»wl. Coni- 
pnlr the local sitK iUMl i'uur ( L.S.'i*. ) corri^spoiulini; 
to \onr Nlaiuiartl tinii', Si'l i\\c siilcitMl liiiu» on the* 
I iiH niar ilial oppositi* llir liiir drawn on the trianu;iilar 
MiK k. Noll' dial iMc li suiall division on llic* dial rcp- 
n/M-nis niinntc's ol' liim*, 

S('li » I .1 briiilit star that you know. Obtain its right 
asc i'iision ( IvA. > antl (h'c lination ( Dri'. ) b'oni thr list 
of bri'^htrst stars on pa^c 105 or From sonir other 
sonr».i' Miih as a star chart, a ecdc'stial <j;l{)l)t\ or an 
ephrini-ris. A phis si«in (or no siu;n ) with the deelina- 
lion nu'.nis north declination; a miiuis sii;n denotes 
Nonth dr. lination. 

Si'l (he n. A. ol the star on the irislrnrnent by tnrn- 
inu; ihi' pointer attaelu*d to tlie reetangiilar block to 



the appropriate finnre on thc^ eireular dial (the eircu- 
lar dial has ah'eads* been set to tlie L.S.T. ). Move the 
plastie piece to the appropriate declination fiiilnre on 
die siMnieireidar dial. 

Now turn the entire instrnnient (Inil not tlu» tri- 
pod ) Mutil the star can he seen throuti;h the viewing 
tube. Lock the instrument in this position. The* Star- 
findti* is now oriented and \'on have a true north- 
south liut\ 'I'o locate other objects, set the sidereal 
lime, tlu* ri,ii;ht asec»nsion and chrHnation of the ob- 
ject on the instrument, W'itb a little practice, after 
the finder is oriented, it will take (;nl\' a few seconds 
to locate an object. Note; Bright objects appearing 
in the .sky but w hich are not on the list* of brightest 
stars are probably planets. 



TEACHER NOTES 
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LIST OF BRIGHTEST STARS 



Position 1970 
R,A. Dec 



lii /in 




V, 

n 


m 


0 






a Andromedae 




00 


06.8 


4-28 


55 


2.06 


P Cnssiopeiae 




00 


07.6 


4-58 


59 


2.26 


a Phoenicis 




00 


24.8 


-42 


28 


2.39 


a Cassiopeiae 




00 


38.8 


4-56 


22 


2.16 


p Ceti 




00 


42.1 


-18 


09 


2.02 


y Cassiopeiae A 




00 


54.9 


4-60 


33 


2.13 V 


p AiKlroniedae 


(Mirach) 


1 


08.0 


4-35 


28 


2.02 


a Eridani 


( Ai'heniar ) 


1 


36.6 


-57 


23 


0.51 


y Andromedae 




2 


02.1 


4-42 


11 


2.14 


a Ursiie Minoris 


(Polaris) 


2 


02.5 


4-89 


08 


1.99 V 


a Arietis 




2 


05.5 


4-23 


19 


2.00 


o Ceti A 


(Mira) 


2 


17.8 


- 3 


07 


2.0 V 


p Persei 


( Algol) 


3 


06.0 


4-40 


50 


2.06 V 


a Persei 




3 


22.2 


4-49 


45 


1.80 


a Taiiri A 


( Aldobaran ) 


4 


34.2 


4-16 


27 


0.86 V 


Orionis A 


(Rigcl) 


5 


13.1 


- 8 


14 


.14 V 


a Aurigae 


(Capolla) 


5 


14.5 


4-45 


58 


0.05 


y Orionis 


(Bfllatrix) 


5 


23.5 


4- 6 


19 


1.64 


0 Tauri 




5 


24.4 


4-28 


35 


1.65 


8 Orionis 




5 


30.5 


- 0 


19 


2.20 V 


c Orionis 




5 


34.7 


- 1 


13 


1.70 


f Orionis AB 




5 


39.2 


- 1 


57 


1.79 


K Orionis 




5 


46.3 


- 9 


41 


2.06 


a Orionis 


{ Bc'tcigc-nse) 


5 


53.5 


4- 7 


24 


.41 V 


p Auri^ac 


5 


57.3 


4-44 


57 


1.86 


P Canis Majoris 




6 


21.4 


-17 


56 


1.96 


a Carinae 


(Canopiis) 


6 


23.3 


-52 


41 


-0.72 


y Geniinorum 




6 


36.0 


4-16 


26 


1.93 


a Cnnis Majoris 


( Siriiis ) 


6 


43.8 


-16 


41 


-1.42 


e Canis Majoris 




6 


57.4 


-28 


56 


1.48 


S Canis Majoris 




7 


07.2 


-26 


21 


1.85 


ri Canis Majoris 




7 


22.9 


-29 


14 


2.46 


a Crniinoniin A 


(Castor) 


7 


32.7 


4-31 


57 


1.97 


a Canis Minoris 


( Procyorj ) 


7 


37.7 


4- 5 


13 


0.37 


p Geminorum 


(Pollux) 


7 


43.5 


4-28 


06 


1.16 


f Piippis 




8 


02.5 


-,39 


55 


2.23 


y Volonim A 




8 


08.6 


-47 


16 


1.88 


e Carini 




8 


21.9 


-59 


24 


1.97 


8 Vcloninn AB 




8 


4.3.9 


-54 


36 


1.95 


A Ve lor urn 




9 


06.9 


-43 


19 


2.24 


Carinae 




9 


12.9 


-69 


.36 


1.67 


t Carinae 




9 


16.3 


-59 


08 


2.25 


a Hydrae 




9 


26.1 


- 8 


32 


1.98 


a Leonis 


(Rcgnlns) 


10 


06.8 


-f-12 


07 


1.36 


y Leonis AB 


(Algieba) 


10 


18.3 


4-20 


00 


1.99 


J3 Ursae Majoris 




11 


00.0 


-f56 


33 


2.37 


a Ursae Majoris AB 




11 


01.9 


4-61 


55 


1.81 



Position 1970 
R.A. Dec 



bl An 




n 


m 


o 




Mag {visual) 


P Leon is 


(Denebola) 


11 


47.5 


+ 14 


44 


2.14 


y Ursae Majoris 




11 


52.2 


+53 


52 


2.44 


a Cnicis A 




12 


24.9 


-62 


56 


1.39 


a Crucis B 




12 


24.9 


-62 


56 


1.86 


y Crucis 




12 


29.5 


-56 


57 


1.69 
2.17 


7 Centauri AB 




12 


39.9 


^8 


48 


/S Crucis 




12 


46.0 


-59 


32 


1.28 


c Ursae Vfajoris 




12 


52.7 


+56 


07 


1.79 


{ Ursae Vfajoris 


(Vlizar) 


13 


22.7 


+55 


05 


2.26 


a Virginis 


(Spica) 


13 


23.6 


-11 


00 


.91 V 


7) Ursae Majoris 


13 


46.4 


+49 


28 


1.87 


/8 Ccntairri AB 




14 


01.7 


-60 


13 


0.63 


$ Centauri 




14 


04.9 


-36 


14 


2.04 


a Rootis 


( A returns) 


14 


14.3 


+19 


20 


-0.06 


a Centauri A 


14 


37.6 


-60 


43 


0.01 


Ursae Vfinoris 




14 


50.8 


+74 


16 


2.04 


a Coronae Borealis 


(Gernnia) 


15 


33.4 


+26 


49 


2.23 V 


a Scorpii A 


( Antares ) 


16 


27.6 


-26 


22 


0.92 V 


a TrianRuli Australis 


16 


45.5 


-68 


59 


1.93 


c Scorpii 




16 


48.2 


-34 


15 


2.28 


A Scorpii 




17 


31.6 


-37 


05 


1.60 


o Opbiuchi 




17 


33.5 


+12 


35 


2.09 


$ Scorpii 




17 


35.2 


-42 


59 


1.86 


K Scorpii 




17 


40.4 


-39 


01 


2.39 


y Draconis 




17 


55.9 


+51 


29 


2.21 


c Satjittarii 




18 


22.2 


-.34 


24 


1.81 


a Lyrae 


(Vega) 


18 


35.9 


+.38 


45 


0.04 


iT Sagiltarii 




18 


53.4 


-26 


20 


2.12 


o Aquilae 


(Altair) 


19 


49.3 


+ 8 


47 


.77 


y Cygni 




20 


21.1 


+40 


09 


2.22 


a Pa von is 




20 


23.3 


-56 


50 


1.95 


a Cygni 


( Deneb ) 


20 


40.4 


+45 


10 


1.26 


€ Peqas! A 




21 


42.7 


4- 9 


45 


2.31 


a Gruis 




22 


06.3 


-47 


07 


1.76 


P Cruis 




22 


40.9 


-47 


02 


2.17v 


a Pis CIS Austrini 


( Foinalhaiit) 


22 


.56.0 


-29 


47 


1.19 
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Useful Adjuncts to the Starfinder 
Thv ObsvrvvYs IlatKHiook (1970). The Royal As- 
troiioiwical Society ol' (Canada, '252 College Street, 
Ton)nt() 2H, Ontario, Canada. Price: $1.50. Ex- 
cellent. 

An excellent hook lor tlic amateur is Norton's Star 
Atlas which includes maps and data on 9000 stars, 
clusters, nehulae, etc. 

The Anicrican Ephemeris and Nautical Almanac 
(Government I'rintinu; Office ) gives positions for 
planets, stars, moon, sun, etc. for any particular 
\'ear. 

Intcrvstiii'^ Starfimlcr Experiments 

1. If your starfinder is aligned north-south, it is easy 
to determine L.S.T. Pick a star that you recognize 
in the sky. Set its declination on the instrument 
and move the rectangular block until you can ob- 
serve the star through the viewing tube. Now turn 
the circular dial until the R.A. of the star is under 
the cardboard pointer. Read the L.S.T. opposite 
the line on th(* triangular block. 

2. If your starfinder is aligned north-south and you 
observe, for example, a star that is due south (on 
the meridian), then at this instant, L.S.T. =: R.A. 
You have the R.A. of the star from your tables, 
hence you know the L.S. J' 

This is the principle of the transit instrument 
such as is used by the U. S. Naval Observatory. 
They obtain L.S.T. in this way, then convert it to 
mean time. You can get the National Bureau of 
Standards WWV Fort Collins, Colorado time sig- 
nals on 2.5, 5, 10, 15. 20, 25 megahertz; CHU Ot- 
tawa, Canada time signals on 3330, 7335, 14670 
kilohertz. 

3. You can obtain approximate right ascensions and 
declinations of visible objects. Align the instru- 
ment and set the L.S.T. Then for any object which 
can be seen in the viewing tube, you can read off 
its right ascension and declination on the appro- 
priate scales. Indeed, yon can identify a fairly 
bright star in this way. In the List' of Brightest 
Stars, the stars are arranged in increasing order 
of right ascension. Match with appropriate decli- 
natiou and magnitude, and your identification is 
complete. 

4. Yon are somewhere in \orth .\merica on June 8, 
1972 with a Starfinder (lesign(»d for use in Lati- 
tude 40 N„ a ropy oF the American Ephemeris 
and Nautical .\lmanac ( or equivalent information) 
and a radio capable of picking up time signals. 
Yon wish to determine your latitude and longi- 
tude approximately. Assume that you have pre- 
vi(jusly determined a north-south line by the 



sim-shadow method described on page 110 under 
"Shadow Stick Astronomy/' 

Set up the Starfinder in the north-south direc- 
tion. Set L.S.T. — 0", R.A. = 0**. Select a star 
that you know which is slightly east of tlie 
meridian, say a Lib (Zubenelgenubi) whose 
R.A. = 14M9'n2« and Dec. = -15°52', but do 
not make these settings. Suppose a time signal is 
received indicating that it is 22^0*" Central Time 
and that 48"* later you judge that the star is on the 
meridian, i.e. due south. You read the angle 6 =: 
26^29' on the starfinder when the star is due south. 
See figure 3.20. 



A. 




I, = 230 31' 




Fi^re 3.20 Calculation for Latitude. 



Cnlriilatioii for Loiifjitudc In siiiniiiaiy. our liitiliulo is 50"37' N. and our 

When a star is oi. the naMidian, H.A. ^. L.S.T. '""f '"I^" ■•^ l«5^Jl' W. WV are at Moose Jaw. 
l-rom llif Kplic.KTis (Ictt-nnitu' (l.at (Ik- Crccn- ■''"■skalc'Iicwan, Canada! 

u-ich Sidc-roal 'Inne (C;.S.T.) is 17"()9-.12» correspond- , ''^'''''"''"ati.).. longitude and lati- 

ing to 0" CrctMmic-h Mean Ti,nc> (G.M.T.), June 9, involved than the above 

1968. Sinee Central Standard Time was mentioned, Pf''^'''l'"'' suggests. The use of a Slarfinder which 
we can eaicidato the Creenwich Mean Time. '■'■''^^'^■^''>' •■'strument, does not justify 

llie Iiigh degree of precision indicated in the above 
Z.T. 22" 40"' 00" June 8, 1968 calculations. 

Z.D. _6" 

G.M.T. 4" 40" 00» June 9, 1968 
G.S.T. 17" 09"" 42" for 0" G.M.T. June 9, 1968 
Correction for 4"40°' 
and Sidereal Clock 

gain 4" 40"' 9 4" (includes 48") 

G.S.T. 21" 51-" 16" for 4"40"' G..M.T. June 9, 1968 
R.A. = L.S.T, 14" 49°' 12" 

7" 02" 04" = 105°31' W. 
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SHADOW STICK ASTRONOMY 
Itilroduetion 

By ohsLM'vini; tin* ItMii^th and direction of tho shadow 
cast by a vorticiil stick of known k»ngth, \vc can make 
sonic simple and also some rather sophisticated astro- 
nomical measurements during the course of a year or 
part of a year. 

What 18 a Shadow Stick? 

For our purposes a shatlow stick is an object, say 
a thin pole 3' to 6' in length and pointed or rounded 
at the upper end. placed vertically in level ground. 
Or we may use a hoard, say 16" x 8", on which is 
erected an upright thin post 3" to 5" in height. The 
post (gnomon) should be perpendicular to the board 
and the hoard should be provided with screws for 
leveling. (Sec figure 3.21.) 




Fi«:ure 3.21 

ClaAMroom construction of a shadow stick boards 

What are some Shadow Stick experiments? 

1. Determination of a north-south line or the local 
meridian. 

At an hour or two before noon (no watch is 
required), mark the end of the shadow on the 
ground. Using the distance from the base of the 
stick to this point as radius, draw a circle around 
the base of the stick. Some time past* noon the 
tip of the lengthening shadow will again be on 
the circle. Bisect the angle formed by the two 
shadow points and the base of the stick to get the 
north-south line, A perpendicular to this line will 
mark the east-west directions. 

2. Determination of Local Apparent Noon {Noon 
by the true Sun ). 

When, during the day, the sun\s shadow is the 
shortest or the shadow falls along the north-south 



line, is the instant of apparent noon. At apparent 
noon the sun's altitude is maximum for tbat day. 
Draw a triangle similar to triangle ABC in the 
previous figure and measure angle A with a pro- 
tractor. This is the maximum altitude of the sun 
for that day. Indeed, the altit'ude of the sun at 
any time during the day can be determined by 
this method. 

3. Determination of Local Mean Time (L.M.T. ) 
and Zone Time (Z.T. ). 

From the American Ephemeris and Nautical 
Almanac one can obtain the Equation of Time 
(Ecj.T. ) for each day of the year— or see the 
Equation of Time sheet with the material in this 
Guide on "Construction of a Sundial". The local 
apparent time (L,.\.T. ) at apparent noon is 12*'. 

Now L.AT. - L.M.T. — Eq.T. and since we 
have the Eq.T., we can solve for the local mean 
time. Let \A represent the difference between 
your longitude and ttte longitude of the central 
meridian of your time zone. Then Z.T. Ax = 
L.M.T. 

If you are west of the central meridian, sub- 
tract; otherwise add in order to solve for Zone 
Time. 

4. Determination of the Summer and Winter Sol- 
stices. 

The shortest noonday shadow occurs on June 
21 when the sun has maximum altitude for the 
year. This is the date of the summer solstice. 
The shadow, at noon, is longest on December 22, 
the winter solstice. 

5. Finding the Dates of the Equinoxes. 

When the shadows at sunrise and at sunset lie 
along the east- west line, you have the dates of 
the equinoxes. The vernal equinox ocx^urs on 
March 21 at which time the declination of the 
sun is 0°. 

6. Determination of Latitude. 

At the time of the vernal equinox or 6 months 
later at the time of the autumnal equinox, find 
sun's noon altitude, i.e. measure angle A in the 
figure. The complement of this angle is the lati- 
tude. If one knows the declination of the sun at 
other times, latitude is determined from the maxi- 
mum altitude by the formula 

Latitude - 90^ - (Altit'ude - Dec. of Sun). 

7. Finding the Declination of the Sun. 

If we have a scale on which the zero point is 
noon altitude of the sun at the time of an equi- 
nox, the measured angle each noon thereafter 
will be the declination of the sun north or south 
of the celestial equator. 



8. Finding the longtli of tho Solar War. 

n(.»u»rmiiK' the lumilxT of tlays Ironi summer 
solstice to summer solstice. 

9. Mea,surin<^ the A^it^Ie Hetweeu tlu' Planes o( the 
Ecliptic and theU'elestial Ecpiator (Obliquity). 

The value of the maxinnuu or the minimum 
declination is the obli(inity of the ecliptic. 

10. Approximate Lonijitude. 

See example 4 on the use of a Starfinder. 
L..\.T. at noon altitude of the sun is With 
l£q.T. one can get* I..M.T. With the aid of the 
radio time signal we can calculate G.M.T, 
(Greenwich Mean Time). If A is longitude, 
L.M.T. ' A ^: G.M.T. If L.M.T. is less than 
G.M.T., use the plus sign, indicating that. A is 
west longitude. 



11. Determination of the Time of Day. 

To determiiie the time of day (Zone time) 
when the sun is not' at noon altitude and using 
a vertical stick is a rather involved problem; it is 
mucli easier to use a sundial specially designed 
for your particular latitude. (*'"e Design of a 
ilori/ontal Suiidial. ) 

Consider the following problem: On October 
20, 1966 a poiiited 4" dowel stick was carefully 
placed in a vertical position facing an east win- 
dow in Stahr Hall at Fraaklin and Marshall Col- 
lege. The shadow length cast by the Sun was 
approximately 6.06". On that day the R.A. of 
the Sun was approximately 13''3S'" and the decli- 
nation approximately -10 15'. What was the 
time of da\ ? 

The calculated /one time was 9^58"', the ac- 
tual time at whicii [Iv shadow-length was mea- 
sured was 10"00"'. 
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THE LSE OF TELESCOPES 
Types 

Optical ti'K*sc'()[)rs aiv Ol Iwo lypts, refractors and 
rrllcrtors. The rt'fraclor [\vm type) was probably 
inveiiti'il in \(iOS In Maii.s l.ipiHTsliey. In the follow- 
int; y<'ar C.alileo eonstnicted a moclel that he used 
for astroiioiiiiial ohserNations. *l1ie reflecting (mir- 
ror tyi)e^ teli'seope was invented by Newton about 
IfjTI) iuid a\()ide(l the elironiatie ahenation that 
plauned the single lens ohjeetive of the refractor. 

PowcT ol' a Telescope 

The niohl lre(|uentl\' asked (piestion at an observa- 
tory is "What is the power of the telescope?" A brief 
but nieaniniifnl answer is difficult to ujive; there are 
at least three powers of a telescope whieh are impor- 
tant to an observer. They are: 

(I) Li^ht Catherini: Tower (L.G.P.) 

The hriuhtness of an inKll^e is proportional 
to tlie area of the ol)jecti\e lens or mirror. 
Thus the 2()()-ineh mirror of the Hair telescope 
on Mt, Palomar will i^ive an iniai^e 400 times as 
hrii^ht as a lO-inch uMWor, We s w that the 
lii^ht i^atlurini; power of the 200-inch is 400 
times the liuht ^atherinti power of the 10-inch 
mirror. To see or photograph very faint stars 
a lari^e aperture is necessary. 



about 50 times tlie aperture in inches because 
of the spreading of light by magnification; 
indeed one does not use high magnification 
unless seeing is steady. Should there be appre- 
ciable turbulence in the atmosphere making 
the image appear imsteady at low magnifica- 
tion, using higher magnification will only mag- 
nify the effects of turbulence as well. A power 
les.s than 3 times the aperture in inches is un- 
suitable also because the W-dm of light enter- 
ing the eye is then larger than the widest' 
opening of the lens of the eye. With a 6" 
telescope, the useful magnifying powers range 
from about 18 to 300, but one would seldom 
use these extreme values. Probably 100 would 
he a more useful figure for many purposes. 
Magnification is useful when studying the 
moon and certain of the planets, but no 
amount of magnification with most instruments 
will show the real disk of a star. Increased 
magnification decreases the size of the field of 
view and also diminishes somewhat the bright- 
ness of the object. An astronomica; telescope 
inverts and reverses from left to right, equiva- 
lent to a rotation of ISO in the plane, (See fig- 
ure 3.22.) 



I.G.P, (200") 
L.G.R (10") 



Area (200;;^) 
Area ( 10" ) 



,100^ 

7r,52 



( 2 ) Maguifieation 

This is the power that probably intrigues the 
(piestiiMter, The magnifying power of a visual 
teleseope is the number of times the telescope 
increases the a[)|)arcnt diameter of an object as 
eomjiared with the naked -e\'c view. To obtain 
maunifyiiiu power, divide the focal length of 
the Ohjeetive ( luirror or lens) by the focal 
length of the eyi'[)iec(?. Since telescopes fre- 
(|uently hiive a Dumlxv of e\'epieces to select 
frf)m, one can chof)se the magnification he 
needs lor his jmrpose. If the objective lens of 
a teleseope has a fueal length of 10 ft. (120 
inches) .md fin- f'\<|)ie(7« of foeal length ia", 
then the niauuifieation will be 240 diameters. 

There is a practical upper and lower limit 
to magmfication whieh is a function of the di- 
ameter of the ohjeetive. The upper limit is 



Figure OS Seen with Naked Eye 



The some Figure as seen 
thraugK on Astranamical Telescape 



F'igur** .'{.22 

Diagram shfiuing invf*rsion and lateral reversal of 
a telescfipic iniag<*. 

(3) Resolving Power 

Images of stars arf' spread by diffraction 
wit! I disks siu*ro\uuled by fainter concentric 
rings. Two stars which are clos'cr together 
than the diameter of the brigliter portion of 
the dillVaetion disk cannot be separated (re- 
solved ) by any magnification. The resolving 
power of a teleseop<' is a function of the ap- 
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erture. a, in inches of the objective, also the 
wavelcngtli, A, of the light involved. The mini- 
mum angular separation, d, in seconds of arc, 
of the stars which can just he resolved or seen 
as two stars rather than one is given by 

d (Seconds of arc) ^ 1.03 x 206,265 (sec- 

, . A (inches) „ • i . i 
onus) X T7777i— ■ ror visual telescopes, 



4.56 



a ( inches 

sevvonds. Thus a 10" telescope has 



4..56 



a resolving power of -jy^- — 



456". For the 



eye alone the formula does not hold because of 
tlie relatively coarse structure of the retina of 
the eye. H(\solving power is serioasly limited 
when seeing conditions are poor. 



Liinitin;: nia^nitiides for a </;iven lK8trument 

The limit t)f nrightncss for the unaided eye is about 
the 6th magnitude, i.e., under ideal seeing conditions 
(time of new moon, clear sky, no eity lights, etc.) 
one can set' stars of the 6th magnitude and brighter. 
Xote: The brighter the object, the lower the magni- 
tude number, 

The light gathering power of a telescope depends 
upon the scfuare of its apcrtiire. It is generally as- 
sumed that under good conditions a 9th magnitude 
star can he seen visually with a telescope of 1-inch 
.ipcrture. Let Du be the diameter of a given objec- 
tive and \Xl\\ the light gathering power of this ob- 
jective. Then 



(2.512)'" 



' where Dj 



I, the 



diameter of the I" objective. (See discussion of mag- 
nitudes in this Guide.) 



Taking the logarithm of both sides of 
(2.512)'" 



3 
1^ 



we liave 
and 



.4(m 9) 2 lug Du 

ni rrr 9 f 5 log Dr. 



For a 10" objective, m = 14, i.e., the faintest stars 
that can be seen visually are 14th magnitude objects, 
for the 200" telescope, m - 20.5. Throughout we as- 
sume gt)od seeing conditions. 



Type8 of Mountings 

Basically, telescope mountings are of two types; 
e(iuat(>rial and alt-azimuth. The former is preferable 
in that tracking an object is much simpler since a 
sidereal drive unit can be used; also locating an ob- 
ject is easier with setting circles. 

With tlie equatorial instruinent there are two axes 
of rotation for the telescope tul)e: a polar axis which 
is elevated to the latitude of the observer and about 
which the telescope turns with the passage of time; 
the other is the declination axis. Initially it takes 
somewhat longer to set up the equatorial instrument, 
but locating and observing objects is greatly facili- 
tated. The alt-azimuth (generally less expensive) 
instrument can be set up (juickly. No leveling or 
orientation is re(piired, but objects may be difficult 
to keep in the field of view. 

Orientin<{ an Equatorial Telescope 

One orients an equatorial telescope as hp would 
a Starfind(*r (see section on Starfinder). The Star- 
finder is designed for a particular latitude whereas 
the polar axis of the ecjuatorial instrument must be 
elevated to the latitude angle of the observer. Level- 
ing must be accomplished and orientation made on 
Polaris (easiest) or on some other known star. Decli- 
nation may he set directly, but rather than setting 
lf>ca^ sidereal time (L.S.T.) and right ascension (R.A.) 
separately, the difference between the two, L.S.T. - 
H..\. rr: L.H.A. ( local hour angle), will probably be 
the setting to use on the polar axis setting circle. Add 
24*' to the L.S.T. if necessary in order to make the 
subtraction. 

Purchasin<x an Instrument 

For school use an equatorially mounted 6'' portable 
reflector with setting circles and sidereal drive unit 
and costing $200- $300 would probably represent the 
minimum in acceptable instruments. A 6" perma- 
nently mounted refractor with setting circles, sidereal 
drive and other acc'cssory equipment could cost $6000 
or more. Generally, the larger the instrument the less 
portable it becomes and setting up time will probably 
be increased. Smaller, less expensive refractors, may 
also be suitable for school use. 

Quvstixr, a small but e.vcellent instrument is priced 
from $800 up, Other telescopes of various t>'pes, sizes, 
and prices are regularly ac?vertised in Sky and Tele- 
scope Magazine—your library should su])scribe to this 
]io]Milar. but excellent journal. 

When choosing eyepieces for use with your instru- 
ment, il is better to choose those giving low or mod- 
erate magnification; those with high magnification are 
seldom used. 
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Some CeleHtial Objertn For Telencopic* Ohservation 



R.A. 


1970 Dec. 




00.23.1 


64 


00 


Nova 1572 Cassiopciae (Brahe) 


00-41.1 


41 


07 


M31 Andromeda Nebula 


01-40.3 


51 


25 


M76— nebula 


01-52.1 


19 


09 


Gamma Arietis — double star 


02-02.0 


42 


12 


Camnui Andromeda — gold and blue double 


02-17.8 


-4)3 


07 


Mira, o Ceti — variable star 


02-16.9 


57 


01 


H33— cluster 


02-20.3 


56 


59 


H34— cluster 


02-26.6 


67 


16 


Iota Cassiopeiae — triple 


02.40.3 


42 


37 


M34 — loose cluster 


03-06.0 


40 


50 


Beta Persei — Algol ("The Demon Star"), variable 


03-45.3 


24 


02 


Pleiades cluster 


03-53.0 


-03 


02 


32 Eridani — topaz and green double 


04-04.8 


62 


15 


485 Camelopardulis — relatively fixed double 


05-26.6 


35 


49 


M38 .\uriga— cluster 


05-32.7 


22 


00 


Ml Crab Nebula in Taurus 


05-34.4 


37 


08 


M36— cluster 


05-33.9 


-05 


57 


The trapezium in Orion, open cluster 


05-33.8 


-05 


25 


\t42 The Great Nebula 


05-37.0 


-02 


35 


Sigma Orionis — multiple 


05-50.4 


32 


32 


M37 Auriga — cluster 


05-53.5 


07 


24 


Betelgeuse — Alpha Orionis, variable 


06-07.0 


24 


21 


M35 Geminorum — open cluster 


06-22.1 


04 


36 


8 Monocerotis — yellow and blue double 


06-45.S 


-20 


42 


Nf41 Canis Nfajor — cluster 


07-32.7 


31 


58 


Castor — double 


07-40.4 


-14 


45 


M46 Puppis — cluster 


07-40.5 


-18 


08 


H64 — planetary nebula 


08-38.4 


20 


06 


M44 Praescpe (Tlie Bee-Hive), cluster 


OS-45.2 


28 


53 


Iota Cancri — double 


09-53.1 


69 


12 


M81 — spiral nrbula 


09-53.6 


69 


50 


M82 — spiral nebula 


10-18.3 


20 


00 


Gamma Leonis — double 


11-13.1 


55 


11 


M97 (Tlie Owl Nebula), planetary 


12-17.5 


47 


28 


H43 spiral nel)ul;i 


12-40.1 


-01 


18 


Gamma \'irgin is — binary double 


12-49.3 


83 


34 


1694 O^niclopardalis — pale yellow and lilac double 


12-S1.6 


38 


29 


Corcaroli — double 


12-55.3 


21 


51 


M64 (Black-eye Nebula) 


13-22.7 


55 


05 


Mizar — naked eye pair with Alcor 


13-28.6 


47 


21 


M51 (Whirlpool Nebula) 


1.3-40.8 


28 


32 


M3 — globular cluster 


14-43.7 


27 


12 


Epsilon Bootis — yellow and blue double 


15-17.0 


02 


12 


VI5 — globular cluster 


16-27.6 


-26 


22 


.An tares — red and green double 


16-40,6 


36 


31 


M13 Hercnlis— cluster 
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R.A. 


1970 Dec. 




17-13.3 


14 26 


Alpha Hereulis — orange and green double variable 


17-16.2 


43 II 


Nf92 — globular ehistcr 


17-38.1 


^2 12 


M6— cluster 


18-00.6 


^23 02 


M20— nebula 


18-01.8 


^24 23 


M8 cluster and nebula 


lS-19.1 


^16 12 


Nil7 (horseshoe or Omega Nebula) 


18-23.3 


58 47 


39 Draconis — triple 


18-34.5 


-23 57 


M22— cluster 


18-43.6 


39 37 


Epsilon Lyrae — double-double 


18-49.5 


-06 19 


Mil — fan shaped cluster 


18-52.5 


33 00 


M57 (Ring Nebula) 


19-29.5 


27 54 


Beta Cygni — yellow and blue double 


19-58.3 


22 38 


M27 (buinh-hell Nebula) 


20-44.9 


16 01 


Gamma Delphini — double 


21-02.5 


-11 30 


Saturn Nebula, planetary 


21()4.S 


38 33 


61 Cygni — double 


21-28.6 


12 02 


M15 — 11 ))uhr duster 


21-31.9 


-00 58 


M2 — globular cluster 


22-13.8 


49 44 


H7.5 — cluster 


22-28.1 


58 16 


Delta Cephei — long period variable 


23-24.5 


42 22 


H18 — planetan- nebula 



DESIGN OF A SUNDIAL 

If the instruttj)r has included a unit on time in the 
astronomy program, sonic members of his class may 
be interested in constructing a horizontal sundial. 
The construction of a sundial for a particular locality 
is dependent on the latitude of tbe observer. The fun- 
damental formula of spherical trigonometry togetlier 
with the latitude of the observer, 40^' in the example, 
aie used in the design. { See figure 3.23. ) The accom- 
panying diagram (figure 3.24) is self-explanatory. 





GNOMON 
Fiffure 3.24 (A) 




FiKure 3.23 
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The gnomon is mounted perpendicular to the plane of 
the dial at the positions A iind B. The dial may be 
cjnstructed of heavy cardboard, and small strips of 
wood may be glued to the dial along the line AB to 
support the gnomon in a vertical position. 

When completed, the dial may be mounted on a 
tripod, if desired, leveled with a circular level, and 
oriented with the gnomon or XII o'clock on the dial 
pointing true north. Orientation may be accomplished 
in the following maimer: 

Suppose the Z.T. is 10" on September 25. The cor- 
responding LAf.T. in Lancaster, for example, is 10'' 
minus 5'" — 9'' since we are approximately 5"' (ac- 
tually 5"' 2(y*) West of the 75th or central meridian on 
which our zone time is based. From the table we find 
that the Equation of Time is 8"' for the given date. 
Then L.AT. r-r L.M.T. 4- Eq.T. or L.A.T. = 10^ 03"' 
corresponding to the given Z.T. and date. Turn the 
dial on the tripod until the shadow cast by tTie 
gnomon shows approximately 10'' 03"'. The dial is 
now oriented. 

In using the dial, after it has been leveled and 
orieiited, read the dial time (L..A.T. ). Now use the 
formula L.A.T. - L.M.T. = Eq.T. to obtain L.M.T., 
which is the mean solar time for your particular 
meridian. Coiv.pute the number of minutes between 
your meridian and the central meridian of your time 
zone. If you are west of the central meridian, add 
this difference to the L.M.T. to get Z.T. or correct 
watch time which is tlie time of the central meridian; 
otherwise, subtract this quantity. 

Four times a year the clock and the sundial agree 
exactly; but the siuidial— now going a little slower, 
now a little taster— will be sometimes behind, some- 
times before the clock. The greatest accumulated dif- 



ference will be about 16"' for a few days in Novem- 
ber, but on the average considerably less. Those days 
on which the two agree are April 15, June 15, Septem- 
ber 1. and December 24. 

C^^lculations for eonstruction of u llorizoiitul 
Sundial 

From the equations ^ 
cos a = cos b cos L + J>in b sin L cos $ 
cos b — cos L cos a -f- sin L sin a cos 90° 
it can be shown that 

tan a — tan $ sin L 
a: Dial angles measured from XII o'clock, clock- 
wise and counterclockwise, 
0: Half hours and hours in degrees measured along 
the celestial equator. Equal arcs on the celestial 
equator do not project into equal arcs on the 
celestial horizon. 

L: Latitude of the observer. 





sin L = 




a (see 


e 


sin 40" 


tan 0 sin L 


diagram) 




.6428 


.0847 


4° 50' 


15 ° 


.6428 


.1722 


9*^ 46' 




.6428 


.2662 


14° 55' 


30 ° 


.6428 


.3712 


20° 22' 


37;^° 


.6428 


/mi 


26° 15' 


45 ° 


.6428 


.6428 


32° 44' 


52J^° 


.6428 


.7797 


37° 57' 


60 ° 


.6428 


L113 


48° 04' 


67;^° 


.6428 


1.552 


57° 13' 


75 ° 


.6428 


2.399 


67° 22' 


82?^° 


,6428 


4.8a3 


78° 26' 


90 ° 


.6428 


not defined 


90° 00' 


97?^° 


.6428 


-4.883 


101° 34' 


105 ° 


.6428 


-2.399 


112° 38' 



The Equation of Time in Minutes 

L.A.T. - L.C.T. = EqT. 



Day of 



Month 


Jan. 


Feb. 


Mar. 


A Dr. 




June 


Tulv 


Au£i 


Sept. 


Oct. 


Nov. 


Dec. 


1 


- 4 


-14 


-13 


-4 


3 


2 


-3 


-6 


0 


10 


16 


11 


4 


- 5 


-14 


-12 


-3 


3 


2 


-4 


-6 


1 


11 


16 


10 


7 


- 6 


-14 


-11 


-2 


3 


2 


-5 


-6 


2 


12 


16 


9 


10 


- 8 


-14 


-10 


-1 


4 


1 


-5 


-5 


3 


13 


16 


7 


13 


- 9 


-14 


-10 


-1 


4 


0 


-6 


-5 


4 


14 


16 


6 


16 


-10 


-14 


- 9 


0 


4 


0 


-6 


-4 


5 


14 


15 


4 


19 


-11 


-14 


- 8 


1 


4 


-1 


-(3 


-4 


6 


15 


15 


3 


22 


-12 


-14 


- 7 


1 


4 


_2 


-6 


-3 


7 


15 


14 


2 


25 


-12 


-13 


- 6 


2 


3 


_2 


-6 


_2 


8 


16 


13 


0 


28 


-13 


-13 


- 5 


2 


3 


-3 


-€ 


-1 


9 


16 


12 


-2 



E.xample: On Nov. 21 in Lancaster we place an upright stake in the ground; and, when the 
shadow is due north, we decide to go home for huich. At what time did we 
leav^c? The answer is noon apparent time; but, if standard time is desired, we 
proceed as follows: 

L.A.T. - Eq.T. = L.M.T. 

L.M.T. + ^\ = Z.T, 

IP 46"^ + 00** 05" =1P 51" (E.S.T.) 

Aa — 05"^ 2(y - 00" 00« (for Lancaster) 05". 
L.A.T. Local Apparent Time. True sun time or sundial time* 
L.M.T. Local Mean Time. Time by the mean sun. 
Eq.T. Equation of time, given in minutes* 
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TELLING TIME BY THE STARS IN THE 
NORTHERN HEMISPHERE 

Tlu' star Polaris is uciw the Norlli Celestial Pole, 
and »i line drawn from Polaris through Cassiopeiae 
( fii;ine .'V25.\ ) very nearly passes throngh the vernal 
eqninox. If we take Polaris as the center of the 24 
hour clock, 13 C'assiopeiae on the rim of the clock will 
circle Polaris counterclockwise in a sidereal day of 24*' 
( fii^ure 3.25B). We measure the local sidereal time 
from the upper branch of the observer's meridian 
westward ( eonnterclockwise ) to the line joining 
Polaris with (3 Cassiopeiae. By definition, L,S.T. is 
the loc al hour angle of the vernal equinox. 



y 



• 



Fij^iiro 3.25 A) Thr rcmi^lrltaliiui (Cassiopeia with \hc 
mi'tnlicr *»lars nami'il. 




It) l>ia;srain «>liouing Hvtn (laooifi|M iar a«> it H«Mit«l apprar 
to rirrlr l'olari<> roiintrrrlorku i^r in a sidrrral day of 
21- hoiir«>. 



With a bit of practice, one can make a reasonable 
estimate of the L.S/I\ on any clear evening by observ- 
int; Polaris and (3 Cassiopeiae. If a better estimate is 
desired, a dial approximately 7" in diameter with a 
V hole at the center may be cut out of cardboard 
and calibrated, as shown in figure 3.26. 




Fijsiirc 3.26 lyir.^tiim showing a dial %vhirli may be cut 
froiu rarHlioard lo bellfr e«(lintale the po- 
sition of Beta Ca!*>iup<<ia<> in teltiiiK time by 
the stars. 



At the point P on the dial, a string somewhat longer 
than the radius of the dial may be attached and a 
small weight added at the free end; this serves as a 
plumb h'lie. 

Holding the face of the dial toward you, sight 
Polaris through the hole. ()'' should be at the top, 
12'' at the bottom directly beliind the weighted string, 
.md the phme oi the dial slionld lie in the plane of 
Hie tr'Icstial e(|uator. Now move tlie dial toward or 
a\\a\* from \()u until Cassiopeiae appears on the rim 
of the dial. The position of {3 C>assi()pciae on the rim 
«4ives du' L.S.T. 

We tan now tonviM't tiie observed L.S.T. to L.M.T., 
and then to /.'!".. if we know the date. On or about 
Seplciubcr 22, the L.S.T. and the L.M.T. for the ob- 
server will be ihe same, but thereafter the sidereal 
elfick will i^ain nearly 4"' (3'" oHVday, 24Vy<'ar) over 
the ordinar\ clo( k. The followimj <*xample will illus- 
trate a method lor fiudinu the ajiproximate Z.T. 
( wateh time) corresponding to the L.S.T. for a given 
time and plate. 



Location: I.aiKastcr, IVnnsylvania (Longitude 
5" 05'" W.) 

Date: Novrn )))('»• 22 

L.S.T.: 2,5'' (estimated) 
At the rale ot -V" .^f)** gain per day, the sidereal clock 
will have gained roughly 4 hours over the ordinary 
clock in the period of time hetween September 22 
and Noveniher 22. Therefore, the L.M.T. will be ap- 
proxinjately 19'' oO'", corresponding to the estimated 
L.S.T. of 2:)'' 3(V". In Lancaster we are about west 
of tile standard meridian, hence the Z.T. will be ap- 
proximately U)" 35"' (7:35 p,m.). 

ROLK OF Tin: PLANETARIUM 

While there is lu) substitute for observing the sky 
at nii^ht to l\ivu the constellations and stars, a plane- 
tarium lesson, or series of lessons, provides a most 
valuable means cjf interesting students in doing fur- 
ther observatiim. Shoultl a school district have a 
planetarium, njan\ of tlie complicated concepts and 
motions of astronomy can he graphically illustrated 
to the students. ()l)ser\ations which would take 
weeks, r)r j)erhaps nuniths. can he recreated in a 
mattor of minutes and some motions which can be 
observed only by jilotting data are continuously ob- 
srrvahlc through the m.ini))nIation of the planetarium 
piojeetor. 

rSING THF CLASSROOM AS A SUBSTI- 
TUTE PLANETARIUM 

In the teaehinti of earth and space science today, 
there art- astronomy tonct'pts concerning motions of 
celestial objects that are difficult to present without 
some means of thri'e-dimensional orientation. The 
i;e(K'rn triced ly ( eardi-centered ) orientetl planetarium 
awiilable in souxr sL'hools. colleges, and m\iseums. 
provides an excellent oj^porlunity to illustrate these 
concepts. I nfortunately. there arc few installations 
available for sueh use l)\- many earth science classes 
in Pennsylvania. 

'1 he importance ol tlu\se concepts should not be 
()vcrl(K)ked or treated in an insignificant manner. 
I hereforc, it is necessary to improvise by creating a 
planetarium atmosphere in the classroom. Ideally, 
tbe stntlents should have had one planetarium experi- 
ence for them to lull\' appreciate this improvisation. 
Tile teacher sho»dd i»ave had several ho\irs of plane- 
tarii UH experience* in order to see how to present 
these con( (*pts in the ( lassroom. One of the great 
benefits from a planeLn imn-oriented cla.ssroom is the 
involvcTnent of the students in treatini^ problems in 
motion and solvini: them by heconung part of the 
motions themselves. In shf)rt. the students actually 
walk (Hit motions or dianize the j^osition of planet, 
moon, sun. and star cutouts. 
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Prior to setting up the classroom as a planet'arhim, 
the students should be introduced to the geocentric 
view of the universe through the use of a celestial 
sphere nuulel with the earth at' the center. From this 
model, the projection of earth-hound coordinates 
(longitude and latitude) and poini^ of reference 
(zenith, nadir. North Star) can be clearly e.xplained. 
This experience should be followed by a trip outside 
in order to discuss the actual projection of the local 
meridian onto the sky overhead (the celestial sphere), 
the altitude of the North Celestial Pole, the projection 
of the Kcpiator onto the celestial sphere, and tlie ap- 
parent motions of the sun, moon, planets, and stars 
around the earth. Once students have a mental 
image of the celestial sphere and the geocentric 
earth, the classroom can be used to illustrate the sea- 
sons, moon motions, constellation relationships, and 
planet motions in a detailed fashion. 

To set up the classroom, it is essential that the com- 
pass tli recti on of SOUTH he located on the black- 
board side of the room. Hopefully, tlie classroom is 
oriented so that true SOUTFf is in the direction of 
the blackboard. If not. it may be necessary to close 
out any view of the outdoors so that the students will 
not become confused with the position of the real sun 
outside and the imaginary sim in the classroom. 

The following points and lines may be indicated 
on the walls ami ceiling by colored tape (reflective 
type if possible) or cut paper mounted with a sili- 
cone, putty-like material that does not harm paint or 
pap(T: /enilh point. North Celestial Pole, celestial 
meridian, ecliptic, and celestial equator. In order to 
discuss tlie movement of any celestial object, it is 
necessary to use ^he background of stars as a refer- 
ence system. The use of dark-blue poster paper and 
white dots for stars is (juitc effective. These constella- 
tion sheet's can be moved as the seasons change, 

Depending upon the grade level, the students 
might move paper images of the sun. moon, and 
planets around the moon from day to day or they 
might* actually use their bodies, with signs, to demon- 
strate celestial motions. 

Below are listed some of the concepts adaptable to 
the phmctarinm-oriented classroom: 

1. The daiK' apparent motion of tlie sun, moon, 
j)lanet. and stars around the earth. 

2. The true motion of the moon, planets. 

.'5. The seasonal change in the noon altitude of tlie 
sun and the background of stars, 

4. The revolution of the moon around the earth. 

5. The movement of the planets across the back- 
ground of stars. 
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6. The precession of the Vernal Equinox point 
eastward across tlie background of stars. 

7. Definition of the YEAH (Tropical and Sidereal). 
S. Phases of the moon and the inner planets. 

9. Moon cycles (synodic and sidereal). 

10. Eclipses (solar and lunar). 

11. Retrograde motion of the planets. 

The planetarium-oriented classroom has one advan- 
tage over the planetarium chamber containing a fixed 
projector in the center of the room. It is possible to 
retain the celestial sphere concept but, in addition it 
is possible to switch from the earth-centered view to 
the sun-centered view by placing an orrery in the cen- 
ter of the room. The orrery is a simple device that 
demonstrates the revolution and rotation of the earth 
about the sun *uul the revolution of the moon around 
the earth utilizing gears and an arm connecting the 
sun and cartb. With this device, the students can 
look at the solar system as though they were passive 
observers in space, just outside the solar system. This 
permits the teacher to move from the geocentric view 
to the heliocentric view in order to explain the actual 
relationship of celestial objects in motion. While 
viewing the earth on this orrery, the student can 
mentally project himself onto the surface of the earth 
as it moves before his eyes. A small toy figure stuck 
on the earth will aid in making this mental transfer 
of frames of reference. 

.\n example of one demonstration that is easily 
transferred from tbe geocentric to the heliocentric 
view is the apparent eastward motion of the sun 
across the background of stars as the earth revolves 
around the sun. A yellow disc representing the sun 
can be moved counterclockwise around the classroom 
across the background of stars attached to the wall. 
The signs of the zodiac can be explained as those 
constellations that the sun is in front of from one 
month to the next. At the end of the sidereal year 
(20 minutes longer than the calendar year), the sun 
will have moved completely around the walls (the 
celestial sphere ) and will have aligned itself with the 
same star again. 

With the orrery, a meter stick can be held above 
the earth-sun line to point' to the background of stars. 
This alignment is maintained as the earth is revolved 
around the sun; the stick pointing toward the con- 
stellations that the sun is in front* of from one month 
to the next. 

Information on the positions of the planets and the 
sun can be obtained from several different sources 
listed in the astronomy bibliography. 
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The Milky ^ay 
Maj«>r Topics KxpiortMl 

ApiH'arantc of tlic Milky Way 

('()mp4)sition 

Star CliisltTs 

Nebulae 

What does the Milky Way look like? 

The Milky \Va\' appears as a faint, luminous band 
of lii^lit that' eonipletely encireles the sky. It shows 
up best on a moonless night at a loeation which is 
away from the i^lare of city lights. 

Why <loes the Milky Way appear as a luminous 
lianil of li^ht across the sky? 

To answer this question we must be aware that we 
are a part of a galaxy of stars known as the milky 
*A*ay galaxy and that we view this stellar system from 
the inside. Figure 3.27 shows the loeation of our sun 
within the galaxy as viewed edge on from the outside. 



Fif^re 3.27 Drawinie: of an edge view of the Milky Way 
showing approximate position of our Solar 
System* 

With the sun located at position X, if we look 
toward either position A or B we will see all those 
stars whi( h lie between us and the edge of the galaxy. 



In these ilireetions see a scattering of stars. If we 
look toward eitljcr C or D; we see so many more stars 
iloni; diese lin(\s of sight that we get the illusion of 
a continuous band of light, 

Since the greatest diuiension of the galaxy extends 
iu all directions along its (lat plane, the apparent 
))au{l of light extends completely around the sky. 
This band of light is commonly referred to as the 
uulk\' way »uk1 is llu* light from hundreds of billions 
of stars that ai)pear along om* line of sight' when we 
look etige on tiirough oui* 1(M1s shaped stellar system. 

What does die Milky Way look like from above? 

As seen in Figmv 3.28 the center of the galaxy is 
a huge hub or rnicKuis consisting of stars which are 
closer together than those in our stellar neighbor- 
hood; however, they are still from light-months to 
lii^bt -years apart. Extending out from the nucleus 
antl curved through the disc of the galaxy, are the 
spiral arms which also contain vast amounts of gas 
and eosinie dust. Associated with this interstellar 
uiediuui iWi) many yoiuii^ stars which are very hot and 
extremely limiinous. It is in these clouds of gas and 
dust ol the spiral arms that it is believed new stars 
are forming. Om* sim is thought to be in or near a 
si)iral arm. 

riiniposition of the Milky Way 
W hat is the Milky Way ? 

l^he problem of what the miiky way actirally is was 
solved by Galileo when he first turned his telescope 
on it and found the composition to be myriads of 
faint stars. When the term milky way galaxy is used, 
it includes all the stars in our star system. 

Star Clusters 

Does the Milky Way galaxy contain any other 
^roupin^s of stars? 

Yes. It contains star clusters of two types. Open 
or galactic clusters number in the thousands and are 
tb(^ most eonnnon. Generally, these clusters are com- 
l)oscd of a few hundretl stars which ar(? loosely held 
together by mutual gravitation as they move through 
space. These clusters are located in the main disk of 
the galaxy, usually in or near the spiral arms. One 
example would be the Pleiades. 

There an* also globular clusters which number over 
a hundred and contain hundreds of thousands of 
stars. They arc spherically symmetrical and are scat- 
tered in a roughly spherical distribution about the 
nucleus of the galaxy. They form sort of a halo sur- 
rounding the main body of the galaxy. M 13 is a fine 
example of a globular cluster. 




Kifzun* .'i.28 Top \ww of ihe Milky Vi'ay ^hoHing llu> apprnximsile position of our Solar Sy>il<»m. 



N<*l>ulae 

Are the <lark patches in the Milky Way areas 
where no wtarw exist? 

No. Huvsc chirk arras exist where nebulae obscure 
flu- st.trs b('lu!i<L Tlie dark nebiikie are opaque clouds 
){ dust whose grains are thought to be smaller than 
I tru thousandth of an inch in diameter. An example 
oF a dark nebulae would be the Hnrsehead Nebuhie 
in Orion. 

Are all nehulae ilark eh>u<U of clu^t? 

Q All nebulae are not dark clouds of dust. There are 
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also bright nebidae which consist of clouds of gas 
which are close enough to hot stars to become ionized 
by ultraviolet radiation causing the gas to fluoresce. 
.An excellent example of this type of bright nebulae 
would be the Orion nebulae. In some cases dust 
clouds which are near hot stars appear as bright 
n<'bulae due to reflected !ic;ht from their particles. 
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THE STARS 

An inult»rst;uulinj5 of thv .t^(Mioral composition and 
(•luiractcristits of stars is vital to an unticrstandin^ of 
the dt»tt»nnination of stellar distanirs, evolution of 
stars, and cosmology. 

Major Topics Explored 

General Characteristics of Stars 
Apparent Magnitudes 
Absolute Magnitude 
Spectral Classes 
Mass-hnninosity Relation 
Period-hnninosity Relation 
Other Types of Variable Stars 
Stellar Motions 
Radial \'elocity 

The Constellations: Yesterday, Today, and 
Tomorrow 

General Churarteri8tics of Stars 

What are some of the chief (lifTereiices amon^ 

stars? 

While if is difficult to generalize about the stars, the 
following characteristics will help to point out their 
vast diversity. 

1. S/zi*— Some very soiall stars (neutron stars) may 
exist which have diameters of ten miles or less. 
Super giants such as Epsilon Aurigae have a di- 
ameter of 2,500 times the sun's diameter. 

2. C(;»i;)o;vi7ion— While the composition of stars 
varies, tiiey consist mainly of hydrogen and 
iielium and a few metals. 

3. TrniprmfurrsSiiriivjc temperature ranges are 
from a few thousand degrees to fifty thousand 
degrees or more. 

\. Do; sifie.s -Stellar devisity varies from 10 billion 
tons per cubic inch (neutron stars) to a rarity 
better than the best laboratory vacuum. 



5. A/fi.v.v-The mass of stars ranges from 10% of the 
Sim's mass to 100 times the sun's mass. 
Of)^//)iH£i.s'— Stars are always found within gal- 
axies and most are grouped into various kinds 
of clusters insitle the galaxy. 



Apparent Magnitudes 

This topic is vital to an understanding of determina- 
tion of stellar distances, stellar evolution, and cos- 
molog)*. The apparent brightness of a star refers to 
the way a star appears to us and is independent of 
the distance to the star. The absolute brightness (in- 
trinsic brightness) of a star refers to the way a star 
would appear if it were at some standard distance 
fiom us, say 10 parsecs. 

Stellar magnitudes can, with the aid of photoelec- 
tric photometers, be measured to the hundredth of a 
magnitude; the eye detects differences of magnitudes 
to about one-tenth, assuming the stars are of the same 
color. We determine the apparent brightness of a 
star by introducing a scale in which the given star 
is compared with a standartl star or stars, Hipparchus, 
about 120 B.C. catalogued app'*Oximately 1000 stars 
into classes using the term magnitude to designate 
how bright a star appeared. The British astronomer 
I*ogsou in 1S.>1, observing that the average 1st mag- 
nitude star luuler tiie old system was about 100 times 
brighter than the average 6th niagnitude star, pro- 
posed that the scale be made precise by defining a 
1st niagnitiule sttu* [is being exactly 100 times brighter 
than a Otli magnitude star. Pogson suggested that the 
ratio of li^ht flux corresponding to a step of one mag- 
nit uiie be the fifth root of 100, i.e., approximately 
2,512. 



ERLC 



Magnitude Data 

Object Magnitude ( apparent) 

Sun -26.5 

Moon (full) -12.5 

Venus (brightest) -4 

Jupiter (brightest) -2 

Mars (brightest) - 2 

Sirius - L4 

Naked-eye limit 6 

Binocular limit 10 

100" (visual) limit 20 

200" (photographic) limit 23.5 

Let Li, Lu, L3, L4 represent the brightness of stars of the 1st 2nd, 3rd, and 4th magnitudes 

respectively. Then 

Li L2 L3 

= 2.512; = 2.512; = 2.512 

L2 L3 L14 

Li Li2 L3 Lj 
and . = = (2.512)*-* = (2.5l2)^ 

1^2 L3 L14 L14 

I-rni 

This suggests the general relation = (2.512)" ™ where Ln, and L„ represent the brightness 

of stars of magnitudes m and n respectively. 
Since (2.512)^ = 100, it follows that 

log 2.512 = .4 and log = .4(n-m). 

u 

Sample Problems 

(a) The eclipsing variable Algol (fi Persei) declines from a magnitude of 2.2 at maximum 
to a magnitude of 3.4 at minimum. What is the ratio of brightness at maximum to that 
at minimum? 

Solution: log =z .4(3.4 - 2.2) = .48 
L3.4 

L2.2 

= 3.02 

L3.4 

(b) The bright star Castor can be resolved by a small telescope into two stars of magnitudes 
1.99 and 2.85. What is the combined magnitude? 

Li.90 

log = .4(2.85 - 1.99) = .344 

L2.85 

L1.99 

= 2.21 



L2.85 
L1.99 



+ 1 = 2.21 + 1 



2.85 



L1.99 + L2.85 Lx 

log = log = .507 = .4(2.85 - x) 

L2.85 Lf2.85 

X = 1.58, the combined magnitude 



Absolute Magnitude 

Definition 

Stollar parallax is the angle subtended by 1 astro- 
noniieal unit at the distance of a particular star. (See 
figure 3,29.) 



Figure 3.29 

Diugrum showing stellar parallax determination* 
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Definition 

The parsec is the distance to a point whose parallax 
is 1" of are. 
Definition 

The absolute magnitude of a star is the apparent 
magnitude that star would have if it were at a stan- 
(hird distance of 10 parsccs. 

If OE — 1 A.U, and p — V\ then d = 1 parsec (by 
definition). Since d is very much greater tlian 
OE ~ 1 A.U,, w(» may consider OE for practical pur- 
poses to he are of a circle of very large radius. Using 

arc 

radian measure and the relation ^ central 



radius 



angle in radians, we have 



1(.\,U.) 



1 



( radians ), Note T 



r 



d(,\,U,) 360() 180 



and 1 ' — radians. 

36(K) 180 
Solving for d, we get d — 206265 .\,U, = 1 parsec. 
(I parsec - 3,26 liglit years,) The nearest star has 
a parallax p ,76". The known stellar population 
witliin 4 parsees of the sun averages about one star 
to ,520 enhie h'ght years. 



nistaiico Modulus (for posnihle teacher use) 

The apparent brightness of an object varies in- 
versely as the s({uare of the distance while parallax 
varies inversely with distance. Letting m and M rep- 
resent the apparent and absolute magnitudes respec- 
tively, we have 

k, k, Lm 10- 

Ln, — — and Lm = — > = 

(12 10- Lm d2 



ko 

p = — and p = 
d 

.01 

M r.^ ni -f- 
or \1 ~- in r 
1 

since d — — . 

P 



k2 P'-^ 
10 .01 

Lm 

Lm 

5 -f 5 log p 
5 - 5 log (1 



(2.512)" 
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(liflVri'iicv in~N! ilcpnuls only on the distance 
oF the star ami is' callc'd its distaiuv modulus, 
riit' fonmila M - in f 5 \- o loi^ p is one of the 
most important relationships in astionoiiu'. It has 
ini|X)rtant us^s, as we sh.ill see. 

The ahsolnti' mau;nitude of tlie sun is determined 
as follows: 

1 

The distance of the sun is parscis, Iirnee 

206265 
1 

M z= -267 + 5 - 5 log and N! 4.9 

206265 

Sample Problems 
( a) [f the parallax of Altair is .205". what is 

its distance in parsecs? 
1 

Solution :.z 4,88 parsecs. 

.205 

(1)) A star has parallax .04" and its 
apparent magnitude is 4.99. 

What is its absolute magnitude? 
1 

r:z 25 parsecs 

.04 



M - 4.99 f 5 - 5 log 25 

M '-rr. 3 

Star Clounts ( visual ) 

ui ' Number brighter :u Number brighter 

-2 0 5 1,700 

-I 1 6 4,900 

0 4 7 15,000 

1 14 10 350,000 

2 40 15 37,000.000 

3 150 20 1.200,000,000 

4 540 



Speelral Classes 

{ I ) Hanard System: (), B, A. F, G, M, R, N, S 
and sul)classi\s. Early classes are hot, blue 
stars; later classes c()f)ler, reddish stars. 

(2) Morgan-Kecnan system: adds a Roman nu- 
meral to the FfarvartI letter indicating the type 
(la, lb, II, III. IV, V). 




llertZMpriiii^-RiiBsell Diagram (H-K diagram) 

The above diagram (figure 3,30) is for stars for 
which the trigonometric parallax has been found, i.e., 
for stars of known distance since the reciprocal of the 
parallax in seconds gives the distance in parsecs. 
Trigt)nonietric parallaxes are reasonably good down 
to ,01"; smaller values are unreliable. For stars at a 
distance greater than KK) parsecs, we obtain what is 
known as spectroscopic parallaxes by use of the H-R 
diagr»un. We assume tliat stars too far away for a 
direct measurement of parallax (and therefore not to 
he founil on the iHagram ) are sinu'lar in characteristics 
to stars which appear on the diagram. We obtain a 
spectrogram of the star ..id classify it by spectral 
class and whether or not it is on the main sequence. 

For example, .\ltair Is an .\5 main sequence star (be- 
tween spectral classes A and F). Reading up from 
A5 to the main sequence, then reading across to the 
absolute magnitude scale, we find that the abso- 
lute photographic magnitude is approximately 2.5. 
Occasionally the horizontal scale in the II-R diagram 
is given in color index units. The eye and the photo- 
graphic plate read differently to different colors. The 
c\*e is more sensitive to reds and yellows tban to bhie. 

Thus a bhic and a red star of the same instrinsic 
luminosity and at the same distance from us do not 
have the .^amc apparent visual magnitudes. The red 
star has the smaller visual magnitude. We define the 
color index of a star to be 1 — in„ - niy. The redder 
a star, the larger the value of I. The eye and the pho- 
tographic plate respond equally to a white star (class 
AO), hen.e in this case I ~ 0. The approximate sur- 
face temperature (Kelvin) of a star may be found 
7200 

from the formula . The range for color in- 

I -\~ ,64 

dcx is usually between -0.6 and 2.0 altbough there 
are some extreme values. 
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yUi." apparent niagnitiulc of a star is easily obiain- 
al)U' aiul if \vc i^i't its :i])s()lutr inaiinituclr from the 
H-R (liai^ram, vvv can usv the torniula 

M 111 -4- 5 f 5 loir p 
to solve for parallax p, and tluMi ohtairi the distance 
1 

d = — parsees. 
p 

Figure 3.31 i^ives the distance to objects if we 
know the (luantity ni - M. Since a pattern is evident 
in the tahnlar values, the table can he extended if 
desired. 



Muss-Liiminosity Kelationn 

Luminosity is approximately proportional to the 
mass raisi'd to tlu' 3.5 power. Most stars have masses 
souu where between .1 and 50 times that of the sun. 

The mass luminosity diai^rani is made from plots of 
binary stars; it is not possible to get the mass of a 
simple star directly. .Assuming that most single stars 
obey the same relation, we can obtain their masses if 
we know their absolute magnitudes. These we may 
obtain from the diagram (figure 3.30). 



DISTANCE MODULUS 

Distance Modulus Distance Distance (light years) 

m - M Parsees Parsees x 3.26 



-4 


1.6 


5.2 


-3 


2.5 


8.0 


-2 


4.0 


13 


-1 


6.3 


21 


0 


10.0 


33 


1 


16 


52 


2 


25 


80 


3 


40 


130 


4 


63 


210 


5 


100 


330 


6 


160 


520 


7 


\ 250 


800 


8 


400 


1,300 


9 


630 


2,100 


10 


1,000 


3,300 


11 


1,600 


5,200 


12 


2,500 


8,000 


13 


4,000 


1.3,000 


14 


6,300 


21,000 


15 


10,000 


33,000 


16 


16,000 


52,000 


17 


25,000 


80,000 


18 


40,000 


130,000 


19 


63,000 


210,000 


20 


100.000 


330,000 


21 


160,000 


520,000 


22 


250,000 


800,000 


23 


400,000 


1,300,000 


24 


630.000 


2,100.000 


25 


1,000,000 


3,300,000 



Fipiirr 3.31 
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Prriui|.LiiiniiiO!«ity K<>lution 

( 1 ) Ccplifid viiriahlos and nature of ccphcid varia- 
tion. 

(2) Ma^t'llani'c Clouds and CrpluMd variables. 
"5 ) Dt'ierniination of ahsolutc niat^nitiidcs from 

periods. Graph. 
(4) Determination of distance by use of the for- 
mula M = m -f 5 -f 5 log p. 
In U)52 the revision of about 1.5 macinitudes in the 
absolute maunitudes of certain class of cephcids 
brought about a revision of tlie extra^alactic distance 
scale. About JM52 the extraualactic distance scale was 
doubled, i.e., these xtrai^alactie objects are twice as 
hir away as previonsK- ihouiiht. 

Other types of variable .»*tar8 

{ I ) Ei lipsinii binary systems 

(2) Irreuular variables (Intrinsic) 

(a) Completely irreu;ular variables 

(b) Semirci^ular variables 

(e) Explosive variables (Novae) 

(3) Regular or periodic variables 

(a) l.onu-i)eriod variables ('60-- days) 

(b) Short-period variables (a few hours up to 
60 days). 

Stellar luotioiiii^ 

If one has the parallax of a star, its proper motion 
and its radial velocity (calculated from the Doppler 
f<»nunKi below), the space velocity of the star can be 
cakuhited. 

Ruilial Velocity 

\ clocity of apj>n)ach or recession alonii the line of 
siuht may be ealciilated from tlie i'ormula 

Aa V 

r=: - (Doppler formula) 

A c 

where A = labor.itoiy \vavelenu;th of a spectrum line 

Aa = shift of spectral line 

e = veloeity of lii^ht 

V — \elocit\' of approach or recession along 
the line of sigjit. 

Ill'' abovf fonnnla holds when v is very much less 
^l»an e; oth<Twise a relativistic ionnulu must be used. 
Dilh-rential rotation of the siui is indicated by Dop- 
pler shifts. A proof of revolution of the earth about 
thr sun is b.iscd on this rclatinn. Discuss the velocity- 
distance relation and llubble's constant. The recipro- 
cal of Mubblrs eonst.int should l^ive the ai^e of the 
nni verse. 
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The ('oiiHtellations: Yesterday, Today, and 
Tomorrow 

Because the stars are in motion, their present ar- 
ran Icemen t is temporary. They seem to change posi- 
tion slowly only because tbey are at great distances. 
The constellations we know have existed only some 
thousands of years. See Figure 3.32 of Big Dipper 
showing the change in position of the stars in this 
constellation. 




Fifcurv ',i.'i2 DiafsvatMifi *<l]OKm|? the chanf^e in St<^llar po- 
siMons H-itli thv pu<«su|?e of time. 
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THE UNIVERSE 

liNTRODLCTIOiN 

MiiiVs concrplioii of tlu* universe began with tlic 
antlir()p(jcentric view in wliiili lu* was the central 
fiiinre. Siirroundins; hUu was a flat earth over which 
was a sky of stars tliat r()S(» anil set daily and moved 
westward with the chanue of seasons. 

A stationary earth was the dominant feature of the 
jreoeentrie view of the earth which the early Oeek 
seliolars held. The son. plani'ts. and moon revolved 
around tlie eartli within the rotating sphere of "fixed 
stars". 

From the tiini- of C^opcrnicns tlie heliocentric view- 
point provided a more realistie picture. The stars 
were bronuht to rest and the planetar)^ system was 
established on a more nearly correct basis. The idea 
that the stars arc otbcr smis emerged and the thought 
developed that perha])S many of them had planetary 
systems of their own. 

The invention of the telesL()pe residted in the first 
attempts to determine the structure of the miiverse. 
This ultimately led to the picture of onr galaxy as a 
spiral structme, with onr sun not at the center, 
througli which we most view the celestial scene. The 
niysterioiis spirals and other "extragaliK'tic nebtdae" 
have been established as galaxies outside onr own. 

Major TopicH Kxplorril 

The Extent of the I* inverse 
Appearance of Galaxies 
Grouping of (ialaxies 
The Local Group 

Cosmoloiry and Cosmogony Di(ferenc(*s 

Origin of the Universe 

Pulsars 

The Neutron Star 

W'liiil is lUe vxtvnl of llio universe? 

As far as man has been able to see with his largest 
telescopes he finds additional galaxies. On properly 
exposed photographic plates the images of distant 
galaxies are more nmnerons than the images of the 
foregromid stars which are part of onr galaxy when 
telescopes are pointed away from the Milky Way. It 
has been esiimated that there may be a billion gal- 
axies within the range of the 2i)\) inch Falomar tele- 
scope. At the farthest depths of space that we can 
observe we see only the giants among galaxies. The 
best guess at the distances involved woidd be between 
5 iUid 10 billion light years away. Some of the un- 
identified sources of radio signals may be galaxies at 
even greater distances which are beyond the range of 
the largest optical telescopes. 



Ap|»earaiiee of galaxies — How do they differ? 

They are iMther elliptical, spiral, barred spiral, or 
irregidar. 

*!1ie eilii)ticaK range in appearand' from nearly eir- 
eular to greatly (iattened and have no spiral arms. 
The s|)irals have a central nucleus or hid) aromid 
which stars .sei'ni to spiral out in long arms. The 
harreil spirals are oi the ..iime licneral appearance but 
iliey ha\'i' onI\ two spiral arms. There are some gal- 
axies which no central huh and no definite shape 
and are lalled irregular. 

Are there iiny ^roii|>iii<£s of <£ala\ies? 

(falaxies are iironjied into two categories: regular 
ci?ivters and irr(*gular clusters. The regular clusters 
res<'ndde globidar star clusters and are almost entirely 
of elliptical t\pe galaxies. The irregular clusters ha\'e 
little or no spherical symmetr)' or central concentra- 
tion. Tbey contain all kinds of galaxies and are more 
mnncrous than regular clusters. The number of gal- 
axies involved ranges from over a thousand to small 
groups of a few do/i»n or less. 

Does our pilaxy l>el(»ii;; to a eliister? 

The Milky Way (Galaxy is part of an irregular clus- 
ter which consists of 16 other galaxies. The two 
largest nuMubers are our own and the Andromeda 
(ialaxy ( M3i ). Altogether there are 3 spirals, 4 
irregulars, and 10 ellijiticals in what is called the Lo- 
cal Group all of which have a nnitual attraction and 
a common space motion. 

W hat is the iliffereiiee hetweeii eosiiiolo^y and 
eosiii();;()ny ? 

Cosmology deals with the organization and evolu- 
tioir of the t mi verse while cosmogony is concerned 
with the origin of the universe. Modern usage tends 
to combine the two terms into one; that of cosmology. 
1 he res<'archers in the field of modern cosmology try 
to piece together the observable properties of the uni- 
verse into a hypothesis which will also account for its 
structiire and evohition. 

W hat are the main theories of the origin of the 
universe? 

The theory receiving the most attention today is 
the big-bang theory, the basis of which was put forth 
by Abbe Leniaitre in the 1920's. Leniaitre's theory of 
thv' ' primewd atom" gave the universe a start from an 
original single ihuuk oi matter. George Gamow used 
this idea to postulate tlu? origin of all chcmieal ele- 
ments as the result of a gigantic explosion. As the 
electrons, protons, and neutrons combined to form 
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Ii\ ilmm-ii, lirliiiin. ,iiul all tlir luMxicr clcniciils. these 
.itiHiis wcrr liiiii'j; pinjicllct! thiou^li s[).it'(' by tlw 
l<ir<r nl llir iiiiti.il lAplosioii. As the itMtri'i.il r\- 
P-iIkIihI mitW.ilil ,111(1 tin Ihil '^.Isrs riHilcl. romiclls.t- 
lioris tiMiiicJ wliirli l)t (.\iriic tlu' U.ilaxics. W itliiii ihcsr 
^.ii.i\y ( (nnli iiN.itioiis siimII' T Mcniid^jtA i'()n(lriisati()ns 
lotiiinl tiir stars. ShoiiKj this tlu'ory prow- to hi' vahJ. 
.(ihl li all iiMlIrr was in the Inini ol srpaiatr siih- 
.itniiiic partii irs pijor (o tin- initial rxplosion. lln'M wc 
winilil lia\ i' I'" W ay to disiox i-r \)\ i)lis('i \ atioti what 
t<»(ik plaM' pri'»r (d tin- r\p|i)sii)ri. Sliorild this he the 
<asc tlir niii\t'isr was triil\ "nc.iti j" at the time of 
Mms r\plosi(»n. 

\ sriornl llinu). the oscillating nni\ei'sc' thcorx". ac- 
1 1 pts ! hi" same iK'^inniim as tlu' hi'^-haim tliron ; how - 
i'Vi'W it t lainis that tliri'i' i> J pi'i iodiu n'j)rtition ol 
liiis rvrut. \< < oi(lih«j; to this tlir{)ry. the grav itational 
altiactioM 1m I\\(«'m all ol the '^iila\i('s will t'\('ntnall\' 
(.nisc tlnni (i> stop ino\iii'^ outward. At this point 
they will HAfisr their niolioii .md tail hatk toUcthtT 
aUain towaril the point (roni whitli they ori'^inalK- 
started. As tlie\ all collide at this point, there will he 
anotlh r ureat <Aplosion a!ul the eyele will he^in ai^ain 
in emlless repetition, 

A third theor\- neeils neither explosiotis nor oseilla- 
tioHs and is the sinijilest ol all eostnolorrieal liypoth- 
oses. *riie sti\idy-state tlieorw .is proposc il h\' Hoyle, 
l^(nidi. (iold. a!id otiiets. tests upon a siiiL^le assnnip- 
tioii, *I1n*s assonijitioii is that the ntuAcrse is not onK' 
tin* same e\erywhere, exicpt lo!' imnor local \*aria- 
(fons. })n[ th<' sarne for all time. .Sirrcc nothing c.'han^es 
with time, i! is called the slead\ -.state hyj)othesis. Thi- 
ireatioM of tire nni\crse at a particular tinie is rnletl 
orit and MLitter is Ix iu'^ criMted e(nitiim()nsK" ill sj')ace 
at a rati- sulficient lo replatc wh.it is hM\in^ to 
the recession of galaxies. The theory is soinetiincs 
t.illed the "continnoiis theory". This jMctnre of the 
imi\erse is one in which it is infinitely Iar'j;e and infi- 
nitely old. w ith no hc^inninu and no end. 

Is |lH»r<' iiiiy roiil rvi«lrii<>r whirli fii\ors our lh<»ory 
ovrr ollirr? 

There is iif)thin«^ in either the hi^-han^ thcor\' or 
the oscillatim: inii\crsc' theor\" which would ()h\iously 
rule tli>'ui out at this pr»*sent state ol" our knowledge: 
hi»we\er. the (liseo\-ery ol quas.trs (quasi-stellar radio 
soiiices t throws serious douht upon the stcacl\'-.state 
theory. If the uni\-erse is in a steady-state, all por- 
tions ol it should aj)pe.ii- the s.une when \iewe(l as a 
whole. This wonid lioM true iciiardlcss of the time 
ol \ iewni^. a hillion \eais .I'^o oy a billion vears from 
now. We (an. in ellect. look hack billions of years 
a'^o by obserx inii «^ala\ies which are billions of lii^ht 
\ears away. II tlieic should be aii\- differences })e- 
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twceu tlie>e distant '^alaxii-s and nearby ones serious 
dmibt will be east uj)ou the stead\'-state theory, 
.should these (piasars he as far from n.s as their red 
shilts indicate, more than a billion li^ht-years away. 
tlie\- are the kind oi e\ideiiee which shows a dillcr- 
i ine between what was happening a lonu time ago 
and w li.it is liap])euiu^ now. 

The iruj)li(ation is that the sle.idy-.state theory i.s 
wrouu. Oui- uuresob'eil problem is that if tlie (jua-sars 
are .is |ar a\\a\ as their red shifts iiulie.it»\ their 
brightness would ha\-e 'o he caused by some phy.sieal 
process ruiknowii to science. At the distances indi- 
cated b\ their red shilts. these sources would have to 
he nian\ times brighter than the brii^htest i^alaxies. 
It is dilfic iilt to imai^im- how an object whicli appears 
.IS a pinpoint of li'^lit conM outshine .i liahixy of over 
ino billion st.us. The (pias.us occupy \*ohmies on the 
order ol o h^ht-ye.ns in diameter as opposed to ual- 
.ixies w ho li.i\i' di.nueters of tens of thous.uids of light 
\c.us. The process of producing such vast aniount.s 
\A eneru\- from sucli .i small xolmne is unknown. 

\\ luit luivr astronomers Irariird about th<* iiivh- 
t<*rioiis |>iilsars*;^ 

Puis. MS arc unusu.d star-like objects that radiate 
eneruy at r.idio I re(juencies in pulses at very precise 
regular iiitcrwils. sonic slightly o\-er a second and 
seme slightly less than a second. The pulse itself 
lasts from !/.*)() to 1/20 second, followed by roughly 
one sccoinl ol sih iice. The short duration of the pulse 
is ol ^re.it importance in determining the size of the 
source, A general rule in j')li\sics is that no .source 
of radiation can turn on or off in less time than it 
takes liulit tf» cross the somee. Tlu* rcMsouing is that 
no pli\ sic .il process, in the case of the pulsar the order 
to * liaiv^e enussion, can move faster tluin the speed 
ol li'Vil. A pulse of 1/20 of .1 second would mean that 
;he source ol the j)nlse would have to be smiill(T than 
lO.OOO miles in diameter. 

Normal st.irs are f.ir too large to meet the size cri- 
teria lor puis. us. .Since pl.uiets could not possess an 
energy source ecjn.d to that of our sun. the\* could he 
ruled out. The power of the transmission from pulsars 
eqn.ils .d)ont 10 billion limes the total power prochie- 
tion of all the cdectric ^enei.itors on the earth. This 
ni.ikes it dilfitrdt to l)elie\e tli.it it could come from 
.mother ])l.nu't .is .i signal from intelligent life forms. 

This would appear to leave two possible sources: 
white dw.irl stars .iiid neutron stars. C'alculations in- 
dicated that it would be possi})le to obtain pulses 
Irom white dw.iil stars as fast .is once a second, but 
no I aster, i'roni wh.it scientists predict as to the char- 
.u teristics of a neutron st.ir, it could j^iilsatc* from 10 
to 10.000 times a second. In the Spring of H)68 only 



four pulsars IkuI Ihhm) discox cTcd and tlu'V could liaw 
been ciduT wliitc dwarf stars or neutron stars from 
llic» iuforiiiation i^atluTod \ip to that time. 

At ahont llu» time tlic fiftli pulsar was fotind in May. 
lf)()S. a discovtMW was made that sliowed wliat was 
tlioiie:lit ((. single pulses of !/:!() second duration 
were a random seatterini; of many shorter hursts. 
Some of these shorter hursts had a (hiration of 
1/!().0(H) second. Since an object cannot change its 
emission in less time than lie:ht can cross it, thv radiat- 
iui; region would have to he no more than 20 miles 
across. 'Ihis is much smaller than a white dwarf star 
hut it lould still he possible that the >ource miuht be 
a small railio Mare ou the surface of a spinning white 
dwarf, in checkiim this idea. i( was calculated that 
to achieve the necessary brightness the flare area 
NVOuKl have to have a temperature of 10 million billion 
biHion de«4rees. Ad unlikely possibility. 

The brightness of pulsars must be due to a process 
tliat is not a function of temperature. Only one 
known astronomical object remains to be examined, 
the neutron star. First, it must be known whether the 
pulses are chie to »ctual pidsation or rotation. Fortu- 
nately, this is rather easy to determine. If a star is 
pulsatini:. h must give up energy and become cooler 
and moro dense. Its pulse will then become faster. 
If tile star is rotating, it will .spin more slowly as it 
loses energy. When a pulsar was examined closely to 
determine whether it was speeding up or slowing 
down, it was found tliat the interval grew longer at 
tlie rate of .36. 48 biUionths of a second per day. Other 
pulsars were found to be slowing down, some at a 
rate of less than a billionth of a second per day. Since 
a lengthening period was the case with pulsars, their 
pulses are associated with rotation. Only one known 
astronomical object coidd rotate so rapidly-the neu- 
tron star. Thus, the identity of the pulsar was 
revealed. 

How floew the neulrcm star produee its energy 

The mystery is not solved but theory would indi- 
cate that neu'tron stars have a magnetic field as much 
as a million million times as strong as the earth's. 
This magnetic field rotates with the star and acts as 
a particle accelerator. "Ihe particles move faster as 
they are swept outwartl along the magnetic lines of 
force until a point is n»ached where the magnetic field 
is movinjT .^t nearly the speed of light. Since no 
particle can attain the speed of light, they begin to 
cHssipate some of their energy as radio waves, in the 
direction they an* tra\'eling. The production of radio 
waves creates an opposing force on the particle and 
prevents it from reaching the speed of light. This 
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could account for the energy source without the 
re(juirement of unreasonable amounts of thermal 
energy. 

W^'liat 18 a neutron star? 

During the explosion of a supernova, temperatures 
at the center of the star rise so high that energy es- 
capes in the form of neutrons. The core of the star 
collapses to a ball of nuclear matter. This core is 
called a neutron star because most of the electrons 
have been crushed into the positively charged nuclei 
to become neutrons. The star niiiy have a diameter 
of only ten miles and a density of 10 billion tons per 
cubic inch. It coidd rotate as fast as 10,000 times per 
second before it woidd be torn apart. Even though 
it may have a surface temperatm'c of millions of de- 
grees, it coidd not be seen through the most powerful 
telescopes on earth, even if it were relatively close, 
because the small surface area would not produce 
enougli light. 
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INTKODICTION 

The sillily ol tlir atii^osplicrr pivsnits a unique oyy- 
[XM'tiinily [or slmlnils to learn sonic interesting sci- 
cnlifif let Iiiii(|ius and U) apply pliysical principles 
ciicoMntcrt'd in other science cotirscs. Wliile many 
students have a natural curiosity about the weather, 
careiull) iw.ulr inetcon)lo^ieal ohserwitions can stimu- 
late them to even ureatcr awareness of their environ- 
ment. Kvery t lass should initiate a systematic program 
of weallirr nl)servations early m tlie school year; the 
resuhant tIaKi will tlien he availahie for discussion 
and interpretation when mi'tcorolony is taken up. 

A few simjile instruments will suffice. Instrument 
catalogs for .dl levels of sophistication are available 
from many companies. IfoucAcr. many instruments 
can be constructed vcr\ simpl\- and inexpcnsivcK* 
with readily a\ailcd)lc m.itcrials: some of these instru- 
ments are described. I'nder no circumstances should 
teathers or students attempt to make a mercurial 
bannnetiT. because mercury vapor is extremely toxic 
and, moreover, the construction of a satisfactory 
barometer is only possible in specialized factories. 

The followim^ instruments are particuarly useful: 

1. .\ maxiinum-mininium thermometer set to be 
read once a day, preferably in the early morn- 
intr. (.Vbout Sliz.OO. ) 

2. Sliu'^ psychromcters for dry- and wet-bulb tem- 
peratures can be purchased for $13,50 or con- 
structed for next to nothinii. A ineteorologie 
slide rule, from uhicb relative humidity and 
dew point' temperatures can be tletermincd 
from wet and dry bulb readings, costs about 
$2.00. 

3. Rain u.mges: one will do, but several inexpen- 
sive ones for loan to interested students to take 
to their homes provides an interesting basis for 
discussion of the natural variation of rainfall. 
Students ea.u easily ^nake them. 

4. Snow measurements may be obtained with a 
yardstick. 

3. Aneroid ban>inctcr shoidd be read at regular 
times daily and readim^s recorded. 

0. Wind o})servations can be made visually or with 
simple di'vices. 

7. If funds are available, a recording barograph 
and a hyurothcrmograph provide wonderful op- 
portunities U) stuck tile variation of pressure, 
temperature and humidity with time. 

8. Observation f{)rms can be made up and dupli- 
cated in schools. 



It is ])rol)abl\' not useful to involve every class in 
the study of wiMtlier maps .md espetially of weather- 
maj) codes. However, tbe Daily WcMthcr Map can 
be obtained from the Superintendent of Documents, 
(Jovernment l*riuting (Xfice. Washington, D. C. for 
three cents per d.iy. It is well worth subscribing to 
this servic e for the minimum three month period 
($2.10). for there is much tbat can be learncHl from 
comparing it to the students' observations and from 
its clay to day changes. 

There are numerous dciuoustratioii experiments de- 
scribed for illustr<iting phy.sical principles applied to 
the atmosphere. The magazine Wcathcrwise pub- 
lished by tbe .\merican Meteorological Society, 45 
He aeon Strc'et. Hoston, Massachusc^tts 02108, is a use- 
ful addition to an\' school library. Suggested refer- 
ence books and films arc given at the end of each 
section. 

Fieldn of Student InvoHti^ation 

1. Weather elements and their observation 
.\. Pressure 

B. Temperature 

C. Humidity 

D. Precipitation 

E. Wind 

F. Clouds 

G. Visibility 

H. Upper atmosphere observations 

2. Basic principles and concepts 
.\. The earth's energy supply 

B. Water in the atmosphere 

C. Hydrologic cycle 

D. Heat transfer processes 

E. .\ir masses and fronts: Air motion 

F. Atmospheric stability and instability, and 
pollution effects 

G. Severe weather 

Students should alreacb have considerable baek- 
i^rou ud al){)ut the atmosphere. .\ brief review of its 
physical and chemical characteristics should suffice. 

We live at the bottom of a sea of air which sur- 
rounds the c.u'th, and our lives are profoundly af- 
fected by chang(*s in the air. The atmosphere protects 
us from most of the meteors and meteorites (except 
the largest ones), cosmic rays and lethal portions of 
suns radiation (X-rays, short-wave ultraviolet). 
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WKATIIKH KLKMKMS AND THEIR 
OBSERVATION 

W hat In air? 

I'hc ail is a mixtiiri* of i^.isrs -iiivisihlo. colorless, 
tasti'lcss and ndork'ss. ()\yi;rn aiul nitro^cMi arc its 
priiuipal tcnistitMciits. O/imic, in ininiito amounts, is 
an important coiistituiMit at 15-30 miles licinht, as it 
a]»si)r|)s (K atlly ultraviolet radiation. 

AUIhmi^Ii amountinij to less tlian t'^ by vohnnc, 
wati-r vap(M- is rcsi^onsihir lor most of tlu* phenomena 
\vi* foininonly tall wvatluT. it varit'S greatly from 
platv to place and from time to time, but [)5'J of it 
oeenrs helow 7 mih^s lieinht, hall of it below 6.0(K) 
fret. 

Air |)()l!nlion consists of dnst, smoke, fmnes. and 
other domestic and indnstrial wastes. However, cer- 
tain types of (lost provide nnelci aromul which water 
vapor eondens(\s. forming elonds. 

The atmospliert^ consists of several layers— tropo- 
sphere, stratosphere, anti ionosphere (subdivided into 
mesophere, thennosphere and c.xospliere )— each of 
whicli has distinct characteristics. In studying the 
wiMther, we are most coiuerned with the troposphere. 

hy ilo iiieteorolo^iMtM inoaMure air pressure? 
Pressure 

The prrsstm' of the air is a measnre of its weight 
per nnit area, measnred by halancim^ its weight 
auainst the weight of a coinnm of mercur\'. Prcssnre 
is expressed in units of millibar (abbr. mb), the aver- 
age sea-level j)ressMre being 1013 ml) (corresponding 
to the weight of a mercury column of 29.92 inches 
length under standard conditions). Horizontal pres- 
sure differences cause winds. 

Film 

Solar Radiation 1— American Mcteorologieal Soci- 
ety, distributed by United Films. Inc., 221 Park 
Avenue South, New York. N. Y. 10003. 

\l'hen people speak of 'Mlie lenip«^ralure", they 
are referring: to tlu* temperature of what? 

Temperature 

Most tcmperaiure ineasnrcments arc based on the 
fact that substances expand when the temperature 
rises. 

Density ilifTerenre lietween hot and rold air 

Circnlations of air arc related to differences in 
density occasioned by temperature differences. Most 
atmospheric circulations arc complicated by the rota- 
id 6 
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tion of the eartli; however, smaller-scale flows (such 
as .sea breezes) illnstrate the effects of density 
(hfferences. 

Density of air is a function of temperature and 
l)re.ssMre. To show the effect ()f tempt'rature, we keep 
the pressure of d volume of air constant and the .same 
as that of the ambient air. 

a) H\- means of scotch tape (see Figure 4.1) we 
hang two paper bags of the same size upside 
down on a balance (see Balance Construction). 
To keej) the bags open, we fold the rims of the 
open ends outward. .M'ter we established ccpii- 
librium b\' means of a rider, we hold a small 
eandle for half a minute under the middle of 
one of the hags, 3 to 4" away from it, heing 
very careful not to set the ha^ on fire. We 
note almost inunediately that this bag appar- 
ently becomes lighter than the other one. By 
watching the flame, we .see a strong updraft 
rising from it. I ) Could the observed effect be 
due to the bag being lifted by the updraft? 
(Yes) Inflate a toy })alloon. hold the nozzle 
under the bag. and let a jet of air into it 
2) What is the difference between the effect of 
the candle and lhat of the air jet? (With hot 
air the bag stays up longer.) 

The combustion products of the candle are 
chiefly carbon dioxide and water vapor. 3) Which 
of these gases is lighter (less dense) than air? 
(Water vapor) 4) Could it be that the Hghter 
gas makes the bag buoyant? (Yes) 5) How can 
we motlif)' tlie experiment to eliminate this pos- 
sibility? (Hint: Hold a sheet of aluminum foil 
under bag to prevent ga.ses from getting into it.) 
6) Does the result of the modified experiment 
warrant the conclusion tliat hot air is less dense 
than cold air? (Yes) 

b) Turn on a 150 watt l)ulb and hold it about 2" 
from the bag for two minutes. 7) Does the bag 
with die warm air become lighter? (Yes) Does 
it make much difference how the air is warmed? 
(No) 

Material: One balance, two medium sized paper 
bags, one toy balloon, one candle, one 
sheet of aluminum foil, about 12" x 12", 
150 watt bulb, scotch tape. 

Ualance Construction 

Household scales or analytical balances are not 
usable for (he foregoing experiment. Good balances 
can be made as follows: 

a) Drill or burn a small hole through the middle 
of a!iy light stick of wood of 2 to 3 feet in lengtli. 




.TO ^0 



1 4 ' DOWEL ROD, 30" LONG 




NAIL AS PIVOT 



WOOD SLAT 

3 4 X 1': X 16" 





Fifsure 4.1 



Put ii straightened paper clip, bent into an *'L"- 
liook, throuirli the hole as a pivot (Fig. 1); the 
wire whieh should sit loosely in the hole is taped 
over the edge of a table. 

1)) P>om Plate 1 it is evident how the balance can 
be refined to inehuh; a wooden stand and a bal- 
anee indieator; however, these features are not 
necessary. 

For fine adjustment of the halanee, a rider is made 
from a 3" piece of drinking straw (see Figure 4.2). 
Riders can also he made from wire or an empty spool 
of thread (see Figure 4,1). 

Material. One ?4" dowel rod, 30" long, one ?m" dowel 
rod, 14" long, wood hoard I" x 5" x 12", 
wood slat X L's" x 16", paper clips, glue, 
and nails. 

e) A very good balance* can be made entirely of 
cardboard and paper as shown in Figure 4.2, 
The construction of the base and the support 
post is evident. The beam is made of two she(»ts 
of 'S,'i" X 11" writing paper, each rolled diago- 
nally over a pencil: the ends are taped and the 
ptncil is removed. The paper tubes are then 
rolled tightly into another sheet of paper and 
the end taped. For reinforcement the cods of 
the beam are scotchtaped; paper-clip hooks ar(» 



then i)ut through the tape. An indicator can be 
made of two drinking straws, but this is not 
necessary. The beam is attached to the support 
post by a wire paper clip, 
Nhitcrial: One heavy cardboard 8)2" x 11", one mail- 
ing tube 15" long, 2" diameter, three 
sheets of good paper x 11", two 

drinking straws, paper clips, glue, scotch 
tape. 

.\ir temperature measurements can provide many 
projects for interested students. As long as the ther- 
moiueter is in tliermal e(piilibrium with the air, even 
an inexpensive one will give sufficiently accurate 
readings. This can usually be accomplished by avoid- 
ing sunlight and body heat. Early m()rning readings 
at different Ic^ca lions can show the effect of air drain- 
age in producing lov.-er temperatures in low places. 
Headings over, or near, water bodies contrasted with 
those a short distance away can illustrate the thermal 
effect of water. 

For manv kimls of problems, temperatures exceed- 
ing, or falling below, a certain level are decisive in 
th(* solution. For (*xample, buildings need to be heated 
when the liaiK" .ivcrage tem|)eraturc is below 05 ' F; 
peas <:row when the* temperature exceeds 42 4^, corn 
at 50 F or more. .\ir conditionim^ is used when the 
average tr'm]KTaturc exceeds 72 ^F; snow melt for 
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Figure 4.2 



Hood cak'ulatioiis is basi'd on liMnprrahirc above 
32 F. Usually, thr inuiil)rr of ili'^rccs alH)\'(» or b'*- 
low a fortain base li'inpi'raluro aii» aitunmlati'il oacb 



ih\\\ so Ibat a (U'^rci'-ilav' .sum results. Tlio following 
is a iU'^r<*i'-tlay (.ak'ulaliou lor bouio hoatini]; using a 
Oo baso: 



^'^atj of the 


Maxtnitnn 




Menn Temp. 


Dciirci 




I I'iu p. F* 


1 


t 




Monday 


70 


-16 


.58 


7 


Tuesday 


B2 


49 


51 


11 


Wednesday 


60 


39 


SO 


15 


Thursday 


75 


43 


60 


5 


Friday 


78 


61 


70 


0 


Saturday 


72 


45 


58 


7 


Sunday 


64 


40 


52 


13 








Weekly S(/»i 


67 



The total beating degree-days for this vveek would 
be 61. The elass couUl keep running totals oF degree- 
days and eompare thetn with those reported by the 
I'. S. Weather Hureau. Departures from nomial 
eouUI be a>nipare(l to tin* eonsuniption of fuel at the 
sehool or elsewhere. 

The air temperature in sunshine is praetically the 
same as that in the >i»ade beeause very little radia- 
tion is directly absorbed by the carbon dioxide gases. 
The thennouieters with whi( h we measure the air 
temperature nuist be eiuefully protected from direct 
radiation, beeause ihennoineters absorb a consider- 
able amount of ra(liati(jn. Mow temperature rc^adings 
taken nndcr the influence of direct radiation var\' 
with the thernu)melers themselves can be tlemon- 
st rated as follows. 

We take two or more thermometers of (hfFerent 
types, suth as a tlial ihcrmonieter (bimetal), an ordi- 
nary thermometer mounteil on metal or plastic, etc., 
and a window thermometer in a glass or plastic tube. 
W*' fir^t expose the tliermometers in the shade and 
record the temperatures of each. Because of inac- 
curacies in calibration, there may be slight differences 
in the reathngs. Then we expose all thermometers to 
sunshine for a few minntes and read again. \ 150 t{) 
2(K) watt light bulb can be used as a radiation source 
as in Figure 4.3. We take readings before turning on 
the light and again 5 minutes after turning it on. 
I. Are the temperature changes of the shaded 
and illuminated thermometers the same? (No) 
Would ventilation reduce these differences? 



{ Yes ) Try it by ve[K'ati!\g the experiment while 
e([ually f aiming the thermometers with a piece 
of cardboard or an electric fan. 
Material: 'i\vo or nu)rc thermometers of different 
types, one 150 to 200 watt light bulb, 
piece of cardboard or electric fan. 

lluniidity 

Humidity refers to the water vapor content of the 
air; its uieasurements are based {)n tlie cooling asso- 
ciated with evaporation, on the expansion of mate- 
rials, such as liuman hair, as they absorb water vapor, 
and on torulensation taking place when air becomes 
saturated with water vapor. 

Hclath'c IhanUlitij (in %) is the ratio of the amount 
of water vapefr present to the maximum amount that 
would be present at saturation, multiplied by 100. 
'i'he Wct-lhflh rcnipcrattirc is the lowest temperature 
to which a thermometer can be cooled by evaporating 
Water from a wet wick around its bidb. The Dcw- 
Pi>iiit is tlu.' temperature to which the air would have 
to bc^ lowered in order for condensation (dew) to 
occur; the higher tiu' d(*w-point, the more water vapor 
is in the air. 

Dry- and Wel-Hiilh Temperaliire Mca8urctnent8 

An instrument (hat consists of a dry-bulb and a wet- 
bulb thermometer mounted togctlier is called a psy- 
i hrometer. '['lie rale of evaporation of water from the 
wct-buli) aucb therefore, its cooling, de]iends on the 
relative' humidity. The construction of a psychromc- 
tcr shoidd be clear from Figure 4.4. It" is important 
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Figure 4,4 
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to cut a\\a\' the lown* end ol the l)ackiiii^s of two 
idi'iitiL-al tlu'rinoinctcrs (a fini' s*i\v blade can he 
useil). so that the bidhs and ahout 'i" of the capil- 
laries aho\e the hidhs <n*e free. He sore not to disturb 
the luountiniis of the capillaries on the stales. 

For outdoor nu'asiu'enu'nls .select an open place hi 
the shaile: wet the \\ ii k of the wet-bulb with el(»an 
water. Hold the slini; psyehroineter at arm s length 
anil slinii the thermometers around the handle tliree 
limes per seconil; afliM- a minute or so (piiekly read 
I witlnnit toui'hinu th(» tbernionieters ) first the wet- 
bulb, then the dr\ d)ulb therniometer. Ri'peat the pro- 
ec-diire until two successive reatlini;s :^how no more 
temperature changes, 

The ri'lative huuiidity and the dew point can be 
ileterinini'il frnui dr\'- and wi't-bulb teinpcratmes 
with the aid of Psijchniiitctric Tables; tliese are found 
in many elementary texts on meteorology or can be 
purchased from the Supi'rint( ndent of Documents, 
(loverninent Prinlinu; Office, Washington, D. C, for 
25c. The relative hu nudity can also be ilcttnnincd 
by the formula: 

\U\. ... 100 - 300 (T,\V,)/T 
where T is the dry-bulb reading, W the wct-bulb 
reading; thus, if T 70"F and vV = 63^F, R.H. — 
100 - 300 (70-6;3)/70 . 100 ;300 X 7/70 .-^ 100 - 30 — 
7{)%. The wick .should always be thoroughly wet; in 
dry weather use ver\' cold water so that the wick does 
r»ot tir\* out during N'entilation. 

Materials: Two identical thermometers; wooden 
board approximately S" x 4" x %*\ wire 
15" long, ilowel rod 6" long, diameter, 
three screws, two washers, thin white cot- 
ton material one inch square for wick and 
thread for fastening it to bulb, two rub- 
ber bands. 

Dcw-Point Measurement 

In nature, tlie formation of dew, or frost if the teni- 
[)eratnre is low enough, occurs wlu^n the air is cooled 
by radiational heat loss at night. We can obtain a 
rough measure of the dew-point temperature by 
taping a thermometer bulb to the outside of a small 
tin can of shiny metal (see Fignie 4,5); then we fill 
the can with a slush made of crushed ice, water, and 
a teaspoon of salt. We read the temperature the 
moment dew bei^ins to form. Tlien we empty the 
can, b(*ing car(*fu! not to wipe the (lew off, and read 
the temperature again as soon as the dew disappears. 
'i1ic average between the two temperatures is the ap- 
proximate dew-point temperature. 
Material: One thermometer, one small shiny tin can, 
tape, crus'lied ice, water, salt. 
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It('lati(»iiHlii|> Im^Ihc'cii Teiiipcrature, DeH-Poiiit, 
and Itclativc' lluittidity 

TtMnpcraturt'. ticw-poi'iit. and relative humidity are 
not iiuleju'iulent ('ItMiuMits. Tlie reiationsliip l)e(\veen 
tliese elements tau he (kMnoiistraleil hy the model 
sliowri in h^i'-^iirc To make this model, cut iour 
pien's ol heavy white eanlhoard. ("aeh x 11"; 

three ()[ tht"m art' tut out ami colored as shown by 
[)anels 2. 3, and 1 in Fiunre 4.7. which also ^iv(\s the 
jiroper (hinensions. Alter assemhlini^ the four panels 
as in Kii^nre 4.8, we mark oil a temperature scale on 
left side n( panel 4 as shown in Figure 4.6. Tlit? 
divisions are apart, startini^ Jz" from the top edge. 
1^ Note that the scale is not linear as on a tliermome- 
ter. ) On tlu* ri^ht sitle we mark divisions at th(* same 
level as on the left, but label them with tiie even 
numerals from 2 to 14; tliis is the scale of water vapor 
amounts in iirbitrar>- units. 

Tlie black man^in of panel 3, together witli the 
black line on panc4 4. aj)pears as a beaker which rep- 
resents the "capacity" of die air to hold water in vapor 
form. The water \'apor is represented ])y the blue 
panel 2. The upper edge of tlie beaker is set at a 
i^iveii air temperature (on the left) and then indi- 
cates on the right side the maximum number of water 
vapor units tliat the air could hold at that temperature. 

As an example, let us pull the water-vapor panel 2 
by its tongue downward until no more ])!ue shows in 
the "beaker". Then we set tlie top edge of the beaker 
by manipulating its tongue, to 70 I^^ and hold it there. 
The beaker is empty, i.e., the air is dry. We now 
evaporate^ some water into this air by sliding the 
water panel up until the water edge is even with the 
"2" on the right scale; this be the existing water 
vapor amount. 1) What is the relative humidity? 
2) If wc evaporate more water into the air so that 
tlie existing amount of water vapor is 4 imits, what is 
the relative humidity? 3) Keeping the water vapor 
constant at 4 units, we raise the temperature to 75'^F 
(by pushing the beaker panel up); what is now the 
relative humidity? 4) If we lower the temperature to 
60" without changing the water vapor content, what 
is the relative Inmiidity? 5) How does the relative 
humidity change, when the temperature changes with- 
out any change in water vapor? 6) If the air tem- 
perature is 75 F and the relative humidity is 80^, to 
what temperature woidd we have to cool the air to 
reach die dew point? 

It is evident that the water level in the beaker indi- 
cates the dew point on the temperature scale. If we 
lower the temperature below the dew point, the water 
abo\'e the beaker condenses out in form of fog or 
cloud, until the beaker is just full (we lower the 
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watiT Icvt'l to tlic top ol the biMkcr). T ) What is llir 
n»liitivi' liiimiciilyr* If \vi» lower the* tcMnpcnitiirc to 
dew pointy 

.An.vK ( rs (i> ahi^vc ^///f s7/(»/i.v; 1 ) (2/S} x lOO't - 25*(; 

2) \ \{){r< :u (4/0) n ukv; 'UrX; 

4) { I/O' \ OTV; fn wlicn teiiiperatore rises, 

the H. II. iails; when teniiK-ratiire falls. H, H. rises; 
f) 1 10 N SiYl S units TO F on left side wliieli is 
diAV point. 7 t Then llie beaker is full, the R. H. — 
iOO't^ Ni)te. that all the^e vahies are very ruii\s}\ ap- 
proximations, heeause the scales are i^reatly simplified. 

2 STRIPS OF 3'; X 3 8" 
CARDBOARD GLUED OR 
STAPLED BETWEEN PANELS 
1 AND 4 



3 8** 



r 



COLOR 
BLACK 



COLOR 
BLUE 
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PANEL 4 

1 1 8- 



1 3 




COLOR 
BLACK 



L.i ' 4 



3 . . 



SLIDING 
PANEL 2 



SLIDING 
PANEL 3 
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MatcMials: Four pii'ti's of while ( ardhoard. x 
11" ».uh. black mk, \)\\w ink, gliio or 
st.iplcr. nihlu r hanil. 



STAPLES 



'Ihc main lorms of precipitation arc: rain; drizzle 
is rain consisliiiLC of mtv small droplets; snow con- 
siNts of siiii;li» itc' cT)'stals or of crystal a^^regates 
(miow flakes); sIc'C't is rain that has frozen while fall- 
inii; thronuh a very eold iU'r layer; hail forms in ihnn- 
derelonds by the collision and freeziiiii touellier of 
watiT and ice particles. When rain freezes on eou- 
tat t with the i^roiind, the resultinn ice coating is called 
ulaze. 



PANEL 4 • - 
PANELS 

PANEL 2 — 

PANEL 1 t^;^^ 



RUBBER BAND 




ASSEMBLY 



Fif^re 4.8 

What i>* the dilTomirc^ between ^'wlnfuer^' ami 
••rain"*? Wliat is a ^^nnow flurry"*-? Prerijuitation? 

A knowli'dge of past and prediction cjf future rain- 
fall in a region is not only important in agricidture 
and forestry, but also in indiisliies, such as mining 
and paper mannfacture. as well as in soil and water- 
resources management, in inum'cipal maintenance^, in 
sports, shipping, transportaticm, and many other hu- 
man endeavors. 
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Rain Meanurenients 

The amoimt of rainfall is measured as tlic depth of 
water on le\*eK impermeable ground. Any cv lindrical 
can can be iised to catch precipitation, but it is desir- 
able to determine tlie depth of water with an accii- 
racy of I/KK) iuch, so tliat it is necessary to magnify 
the depth of the raincatch. In addition, evaporation 
of water prior to measurement must be minimized, 
this is achii'ved by placing a funnel over the can. 

TIk' rain gauge is constructed as illustrated in Fig- 
ure 4.9. Two large tin cans from which the tops have 
been reino\'ed as well as the bottom of one of them, 
are soldered together (with hot or cold solder). A 
disk that fits loosely inside the can is made of wood or 
stiff foam plastic, in the center of which a hole is made 



ALUMINUM 
FUNNEL 




r f-— - 



PLASTIC SHIELD 
GLUED TO 
FUNNEL RIM 

DISK OF 
STIFF FOAM 
PLASTIC 



;| h TWO TIN CANS 




into whith the funnel neck is glued. A sheet of tin- 
ean metal or plastie 2" x 15" is eemented around the 
funnel rim to prevent driving rain from getting into 
the ean without going through the funnel. The fin- 
ished gauge is mounted on a post as suggested in Fig- 
ure 4.10, and should he positioned so that it is as far 
awiiy from any ohjeets as these objects are high. 



WIRE RING 




NAILS 



Fif^urc 4.10 

For measurement the contents of the can are poured 
into another eyiindrieal can of much smaller diameter, 
preferably not more than 2". Several such small tin 
cans ean I)e soldered together in the same manner 
as the raingauge itself. Wi'h a very slender red- 
wood stick, which shows water marks well, we 
measure the height of the water column in the mea- 
suring tube. The depth of precipitation, P, is com- 
puted from the relationship P = H (d/D)-, where 
D the inner diameter of the funnel top. For ex- 
ample, let D be d = P/s"; thus the factor 

(d/D)-* = = (0.21)- = 0.044. So if the length 

4'\^ 

of the watermark was H = I 'mj, the precipitation 
amount was P = 1.19 \ 0.044 ~ 0.05". 

When precipitation falls in form of snow, the fun- 
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nel is removed. The snow caught in the can is melted 
prior to transfer into the measuring tube. This is best 
done* by ad(h!ig a known depth of warm water and 
subtracting that amount* from th(» measured value. 
Materials: Two large tin cans, at least 7" high and 
4" diameter, one metal funnel about 5" 
diameter, wooden post 1 x lY/' cross 
section, 3 to 4 ft. long, 5' x 5' x 
wooden board, 1" x 4" x 4" wood or stiff 
foam plastic, strip of sheet metal or plas- 
tic 2" X 15", 18" stifl wire, redwood stick 
!s" X '*if;" X 12", two or three tin cans 
of very small diameter, nails, glue, liquid 
or hot solder. 

Kf siv ineheH of hiiow falls in your neighliorhood, 
<loc8 the 8anie amount fall all over town? All over 
Pennsylvania? 
Snow Measurements 

In case of snowfall, two measurements are of 
ii tercst; the depth of the snowcover and the water 

content of the snow; the water content 

can vary from Vi'' to but" is usually assumed 

to be '/lo". The depth of the accumulated snow 
cover is measured by simply pushing a yardstick 
vertically through the snow to the ground and read- 
ing. For this we must select a spot where the snow 
has not drifted and make several measurements, tak- 
ing as the final result the average of the various read- 
ings. For measuring the water content of the snow, 
wc use the rain gauge, w^ithout the funnel, because 
otheiwise the snow quickly clogs the funnel and is 
blown out by the wind. At the time of observation, 
we pour a measured amount of hot water into the 
snow and after melting, pour out the same amount 
before measuring the snow water in the same man- 
ner as we measure rain water. However, we need 
another conversion factor, because the inner diameter 
of the can rim is different from that of the funnel rim. 

Snow crystal imprints can be obtained by exposing 
for a short time during a snowfall a small sheet of 
white cardboard or glass which has been lightly 
smoked over a candle flame. Care should be taken 
that the cardboard or glass surface does not become 
hot during the smoking process, because then the 
smoke clings to the surface and is not' easily disturbed 
by the snow crystals falling on it. The imprints can 
bp fixed by dipping the sheet into a thin solution of 
shellac. 

Material: One yardstick, one tin can, the top of 
which has been removed, a sheet of white 
cardboard or glass, shellac, candle. 
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What in wind? 

Wind is tlit* most important weather element in in- 
dustrial and metropolitan areas, heeaiisc it helps to 
dilute air pollution and to removr it from the area. 
In the absenee of wind, serious air-pollution episodes 
may develop, Wind is also vital for the pollination of 
eertain plants, sueh as corn, and is a factor in tlie 
spread of air-home plant and animal diseases. 

Wind observations are best made in the middle of 
an open field; the wind direction, i,e„ the direction 
FROM which wind blows according to eight points 
of the compass. N, NE, E, SE, etc, can be ascer- 
tained by "feeling the wind witTi one's face, by noting 
smoke drifts. Hags, etc/' The wind speed can be esti- 
mated according to the Beaufort Scale. 

Wind Measurements 

A wind vane can be constructed with the material 
listed under a) below according to the dimensions in 
Figure 4,1 L Before drilling the hole in tTic vane shaft, 
the assembled v^ane is balanced on a knife edge to find 
the center of gravity. A nail that fits loosely through 
the shaft is then hammered into the handle. If a piece 
of soldering wire is wound around and fastened to the 
front end of the vane, the center of gravity shifts 
closer to the* middle of the shaft. 




Figure 4.11 



Beaufort Wind Scale 

No. Description of Wind Effect Equivalent in Knots 

(1 knot = 1.15 mph.) 

0 Smoke rises vertically less than 1 

1 Wind direction shown by smoke drift but not by wind vane 1-3 

2 Wind felt on face; leaves rustle; vane moved by wind 4-6 

3 Leaves and small twigs in constant motion; wind extends light flag 7-10 

4 Raises dust and loose paper; small branches are moved 11-16 

5 Small trees in leaf begin to sway; crested wavelets form on inland 

water 17-21 

6 Large branches in motion; whistling heard in telegra]')h wires; 
umbrellas used with difficulty 22-27 

7 Whole trees in motion; inconvenience felt in walking against wind 28-33 

8 Breaks tvvigs off trees; generally impedes progress in walking against 

wind 34-40 

9 Slight structural damage occurs; chimney pots and slate removed 41-47 

10 Seldom experienced inland; trees uprooted; considerable damage 

occurs 48-55 

11 Very rarely experienced; widespread damage 56-65 

12 Hurricane for^^e above 65 



For wind-spcc'd incasiircnu'iits, a cup anemometer 
can be built from three small alumimun funnels and 
the other materials listed under b) below. The fun- 
nel spouts are ent away as shown in Figure 4.12 and 
the funnel opening folded over and closed oCF with 
liquid solder. The remaining construction and as- 
sembly 'an he seen in Figure 4.13. Finally, one cup 
is painted flat-black for easier revolution counting. 

In order to calibrate the anemometer, it is mounted 
on a broomstick so that it can be held out of a ear 
window well above the car top. While the driver 
drives at a constant speed along a straight stretch of 
road on a calm day, the observer holds the instru- 
ment out of the window and counts the revolutions 
per minute; this is done for speeds of 5, 10, 15, 25, 
and 40 mph. .X calibration graph is then constructed 
by plotting rev{)luti{)ns per minute versus speed in 
mph. The wind speed can also be converted into 
knots (1 knot = 1.15 mph) which are the C{)mmonly 
used units in meteorology. 
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Materials: 
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a ) Sheet of tin-can metal, 4" x 15". sheet 
of tin- can metal 4/2" x 5", strip of tin- 
can metal 'i" x 4", one ^A" dowel rod 
20" long, nne stick of wood 24" long, 
glue, nails, one glass bead. 

b) Three almninum funnels 2'i" wide, 
three -Sn" dowel rods, 7" long, one 
metal (or plastic) pencil cap, one 
metal lid \%" to 2" diameter (such as 
from ink b(ittle), one 3" nail, one 
small m(»tal washer, ^" diameter, one 
stick of wood 24" long dowel 
rod), glue, flat-black paint. 
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■ SHARPENED 
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'2" DOWEL'ROD 
HANDLE 20" LONG 



Figure 4.13 

How do you measure the eold in cold? 

If some days seem colder than others, even though 
the reading on the thermometer may be the same, 
or even higher, it is not just your imagination. Arctic 
studies done by the U. S. Army have found the an- 
swer—the Chill Index. 

This '*chill factor** takes into account both tempera- 
ture and wind velocity. In combination they effect 
the rate of heat loss from your body. Shoidd the tem- 
perature be zero degrees F, and the wind calm, the 
chill factor and the thermometer reading are tbe 
same. However, if the temperature is zero degrees F 
and the wind velocity 10 mph the chill factor now 
becomes minus 21 degrees. This is the same as say- 
ing that with a temperature of zero degrees and a 
wind velocity of 10 mph tbe combined effect is 
('(juivalent to the heat loss you would expect from a 
temperature of n'iinus 21 degrees. 

During the winter months many weather reports 
t;ive the chill index for that particular day. This 
should be taken into consideration when deciding 
uiK)n the proper dress for winter activities such as 
skatinu^ sledding, or snowmobiling. 

The following chart (Figure 4.14) gives the chill 
index for various tcmperatini's from 50 degrees to 
minus ()0 degrees and wind velocities up to 40 mph. 
Wind speeds greater than 40 mph produce little ad- 
ditional effect upon the lowering of the chill index. 
Particular attention should be paid to wind and tem- 
perature combinations indicated as those which will 
produce danger from the freezing of exposed skin. 
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ESTIMATED 
WIND SPEED 
IN MPH 



ACTUAL THERMOMETER READING ("F.) 



50 



40 
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Reference 

Edinger, James C. (1967), Watching For The Wind, 
Anchor Book, Donblfday ik Co., Inc., Garden City, 
New York ($1.25). 

Clouds 

Clouds, apart from tlicir aestlietic aspects utilized 
by photographers, determine to a hirge extent the 
brightness of a day. Therefore, prediction of cloudi- 
ness is important for power plant's who can then 
anticipate peak loads of electricity used in various 
sectors of their networks. Such predictions also en- 
able resort areas and transportation systems leading 
to such areas to anticipate customer "load"; State 
police also use them for anticipating traffic volume on 
highways. Clouds also give the meteorologist much 
information on the states of the atmosphere and fur- 
nish clues to impending weather changes. 

We can clisiinguish ten major cloud types; their 
names and their abbreviations in ( ) will be given 
here; for photographs and descriptions of clouds, con 
suit elementary trwts on meteorology or write to the 
Superintendent of Documents, U. S. Government 
Printing Office, Washington 25. D. C, for the "Man- 
ual of Cloud Forms and Codes for States of the Sky," 
CIHCUL.XR S, U. S. Department of Commerce, 
Weather Bureau (3()c), or for the U. S. Weather 
Bureau "Cl/md Code Chart^' (10(^). 
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P^amily A: HIGH CLOUDS, 
at heights above 20,000 feet. 

1. Cirrus (Ci) 

2. Cirrostratus (Cs) 

3. Cirrocumuhis (Ce) 
Fann'ly B: MIDDLE CLOUDS, 

at Iieights betw^um 6,500 and 2(),(K)0 feet. 

4. AltostVatus (As) 

5. Altocumulus (Ac) 
Family C: LOW CLOUDS, 

at heights close to the groniul up to 6,5(K) feet. 

6. Stratus (St) 

7. Stratocunuilus (Sc) 

8. Nimhostratus (Ns) 

Family D: C:L0LM3S WITH VERTICAL DEVEL- 
OPMENT, ranging from 1,500 feet to level of high 
clouds. 

9. Cumulus (Cu) 

10. Cunmloninibus (Cb) 
CJlondiness, i.e.. the relative amount of sky covered 
by clou lis, is most easily estimated according to the 
a\*iation weather code; 
CLEAR, 

represent(Ml by th(* symbol 0, denotes that no clouds 
are present. 

sc:attered, (J, 

means clouds cover onlv half of the skv or less. 



BROKEN, ^ , 

nuMiis clouds cover more than half of the sky, but 

some blue area is still visible. 
OVERCAST, 0 . 

is the sky shows no blue area. 
OBSCL RED,0 , 

is the ease of the sky not being visible on account 

of dense fog, smoke, etc. 

I.aige-seale collections of clouds are monitored by 
weather satellites which have revealed considerable 
organizati(m in cloud patterns (bands, streaks, eddies, 
etc.). 

ViHilulity 

Visibility in meteorology as a measure of the trans- 
parency of the air is an important element for aircraft 
landings, for land and sea traffic, for rescue operations 
and aircraft reconnaissance, for aerial spraying opera- 
tions in agriculture, alpine sports, etc. It is defined 
as the largest horizontal distance (in miles) at which 
prominent dark objects such as hills. large buildings, 
tree groves, etc. can be seen against the horizon sky. 
For this observation, a place with an unobstructed 
horizon is necessary; h(nvev(*r, a rough (qualitative 
estimate of the transparency of the air is often suffi- 
cient, especially, when the degree of air pollution is 
judged by the transparency of the air. An example of 
a four-step scale is as follows: 

1. "poor visibility * for hazy or foggy conditions. 

2. "fair visibility" for average conditions. 

3. "good visibility*' for clear-air conditions. 

4. "excellent visibility** for extremely clear air. 
The last step can be omitted at places where such a 
condition is too rare to be included. 

Referencee 

Rattan, Louis J. (1962), Cloud Physics and Cloud 

Sm/infj, .\nchor Books. Doubleday & Co., Inc., 

Garden City. New York ($0.95). 
Clausse. Roger, and Facy, Leopold (1961), The 

Chuds (Evergreen Profile Rook 30), Grove Press, 

Inc., New York ($1.35). 

Upper-Air Observations 

Temperatures, pressures, humidities, and winds 
aloft are measured by balloon-borne instrument 
packages called raili{)sondes that send out radio sig- 
nals of the various weather elements at different" 
heights up to roughly 100,000 feet. Radar is used for 
tracking tropical storms, thunderstorms, tornadoes, 
and precipitation regions, as well as for tlie study of 
clouds. The most recently developed tools for ob- 
servations are the weather satellites that give infor- 
mation on the worldwide distribution of clouds. 



occurrences and positions of storms, particularly hur- 
ricanes, and surface temperatures. 

Reference 

Reiter, Elmar R. (1907), Jet Streams, Anchor Book, 
Doubledav & Co., Inc., Garden City, New York 
($1.25). 

BASIC PRINCIPLES AND CONCEPTS 

The explanations of most weather processes and 
phenomena can be derived from relatively few basic 
principles. These, together with diligent observations 
of the actual weather and its changes, should provide 
sufficient background for the understanding of the 
fundamental concepts of meteorology. 

Major Topics Discussed In This Section 

1. Earth Rotation— daily changes 

2. Earth Revolution and Axis Tilt— seasonal changes 

3. Changing Solar Angles 

4. Earth Radiation 

5. Clouds and Water Vapor as Radiation Controls, 

Can anyone explain what causes our seasons? 

The Atmospliere^s Energy Supply 

1. The distribution of various climates, the daihj 
and seasonal variations of weather elements- are caused 
by the motions of the earth in its orbit around the 
sun which is the energy source for all atmospheric 
and life processes. The earth's rotation about its axis 
causes day and night and diurnal variations in tem- 
perature, cloudiness, etc. The tilt of the earth's axis, 
making an angle to the orbital plane of 66)2°, together 
with the earth's revolution around the sun, causes the 
seasons from the lower middle latitudes to the poles 
in both hemispheres. Near the equator, seasonal vari- 
ations arc slight. The output of radiational energy 
from the sun is constant for all practical purposes, 
and the slight variation of distance betSveen earth 
and sun is also negligible as compared to other 
variables. 

Tlie greatest variable is the amount of energy re- 
ceived in different regions of the earth. The higher 
the sun is above the horizon, tlie greater the concen- 
tration of radiative energy on a unit surface area 
(Figure 4.1.5). The length of daytime, which varies 
with latitude and season, is also important. Clouds 
reflect a large portion of radiation and. therefore, con- 
trol energy in this way. The cloud-free atmosphere 
lets most of the sun's radiation pass through, but the 
infrared rachatioii emitted hy the earth's surface (all 
bodies radiate energy, the nature of wluch depends 
on the temperat\irc of the radiating body) is blocked 
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to a larnf cxU'iU by the watcM' vapor aiul cjirl)t)n di- 
oxide in tlir air. t'sprrially in tlit' lowermost layers. 
This is sonR'tinR's c.dk'd "i^rt't'nhousc effect"; how- 
ever, the parallel is not perfeet. beeause in a real 
greenhouse there is a root that keeps the warm air 
iiisitie. Without the roof, the air inside would be the 
same as outside. 

Clouds are even more powerful barriers to out^oini; 
earth's radiation. Thus, the state of the atmosphere 
tletermines the heat balanee betwx'cn incoming solar 
radiation antl outgoing terrestrial radiation. For these 
reasons, the nia*amum tlaily temjH'rature is hit^h when 
the sky is clear; at ni^ht, untler the same conditions, 
the minimum temperature drops to a low level, espe- 
cially when th(^ air (ontiiins a little water vapor. On 
the other h;nul, cloudy skies keep the diurnal tempera- 
ture variation small by diminishing the maximum and 
raising the minimum temperature. 

The Sun ami the Seasons 

The effects of tiie varyinu; position of the earth rela- 
tive to the sun's ra>s can be demonstrated by the 
model shown in Figure 4.16. On a 10" x 12" sheet 
of \vhit(» eartlboard, a circle of 4?4" ratlins represent- 
ing the atmosphere is drawn as well as the sun's rays 
at 'i" intervals as shown. Out of another sheet of 
cardboard a disk of 4" radius is cut out and marked, 
as in Figure 15, to represent the earth's cross section, 
which is fastened with a paper fastener concentric 
with the atmosphere circle and so that it can be 
rotated. The angles on the earth disk represent lati- 
tude at ten degree intervals. 

a) If we line up the cfjuator with the heavy center 
ray as in Figure 4T6, the earth is in the position 

O 0 
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of either spring or autunm etpiinoxes, and tlie 
right-hand side of the earth disk shows the noon 
position of the sun. We see that the sun is 
straight overhead (at the zenith) at the e(|uator. 
I. How high (in degrees of angle) above the 
horizon is the sun at the North and South Poles? 
At 30 . 60 latitudes? 2. How does the path 
length of the sun's rays through the atmosphere 
change with hititude? 3. How many latitude de- 
grees does a bundle of sun's rays of J-i" width 
cover at the etiuatbr':^ M 45 latitude? Near 
the pole? 4. Wh.it can you state about the solar 
radiation intensity at low, middle, ;ind high- lati- 
tudes, considering the answers to questions 2 
and 3? 

b) Now we tmn tlR' earth disk to the position it 
has (luring the sunnner solstices, i.e.. we line 
up 23'j N latitude with the center ray. 5. How 
high is the sun above the horizon at tlie equator? 
is tlk' sun theri' in the northern or southern sky? 
6. Ih)w high is the sun at the N-pole? 7. What 
can \'ou s;iy about the length of daylight north 
of the Arctic Clircle? South of the Antarctic 
C:ireley S. Wiiere is the sun at the zenith? 9. What 
can \'ou say about the radiation intensity at 
43 N and S hititudes as compared to that dur- 
ing the e(piinoxes? 

e) I^'inally, we turn the earth disk to the position 
it has during the winter solstices and answer 
again the cjuestions 5 through 9, for this con- 
dition. 

Material: One piece of wliite cardboard 10" x 12", 
one piece of grey (or other color) card- 
board S" X 8", one paper fastener. 

.-\nswers; 1 ) Zero degrees at both poles; 60^ at 
M) tlegree latitude, 30 at 60 degree latitude. 2) The 
p.ith length increascvs with increase in latitude. 3) At 
the e(piatnr about S ' latitude, at 45" latitude about 
10 degrees, near the pole about 28 degrees. 4) Solar 
I'atliation intensities decrease from low to high lati- 
tudes. 5 ) At the cfjuator the sun is 66/2 ' above north- 
ern horizon. 6) 23M above the horizon at north i>ole; 
23,'- below the horizon at south pole. 7) North Arc- 
tic Oircle tlay length is 24 hours; south of the Ant- 
arctic (lircle the day length is zero hours. 8) Sun is 
at the zenith a noon along 23)2^ north latitude. 9) At 
45 north latitude solar radiation intensity is greater, 
at 45 south latitude it is less than during ecjuinoxes. 
Answers for c) are same as for b) except that "north** 
antl "south** are exchanged. 




Figure 4*16 



Water in the Atmosphere 

Major lopictt Disrussed in the Section 

1. TIic I'hrt'i' rhast's of Water; precipitation proc- 
esses 

2. Pluise Changes: Heat Transfer 

a. Evaporiilion: \Ui\\k\ to vap()r-600 calories 

per urain re(jnirecl. 
1). Meltinu: iee to licjiiid -SO ealories per gram 

rt»(|Mir('cl. 

e. Evajioration: ice to vapor— 680 calories per 

^rarn required, 
tl. Condensation: vapor to licjuid-fiOO ealories 

per i;rain released. 

e. Free/in^: iicpiid to i( (* 80 ealories per ijrain 
released. 

f. Snbiinialion: vapor to iec- fiSO ealories per 
gram released. 



3. Coiitlensation Nuclei 

4. Hydrologic Cycle 

What are the three phases of water? 

Wafer, the basic ingredient of life, occurs in all 
liiree slates of matter. The oceans are the major 
sources of atmospheric water. 

a) Water vapor is invisible; the maximum amount 
that can be present' is greater, the higher the 
temperature. A lowering of temperature leads 
eventually to the saturation of the air which, in 
turn, leads to condensation. 

b) fA(ifti(l water in tiny droplets makes up fogs and 
clouds. The very low tall velocity of the drop- 
lets is usualK' conipcnsatcul for by the slight up- 
ward motion of tlu* air so that clouds do not sink 
toward the earth. When droplets grow by colli- 
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sion, tlicy may fall out of the clouds and reacli 
the surface as rain. Condensation alone does 
not lead to precipitation; certain other condi- 
tions must' be fulfilled also, e.i;., the collision of 
ice crystals and supercooled water droplets pro- 
duces large enough ice particles to fall out of 
the clouds, usually melting to rain drops in the 
warmer air below the clouds. Rain may also be 
caused by collision of difR'rent sizes of water 
droplets. It takes a million to a billion cloud 
elements to make one medium-sized raindrop. 

Most current attempts at rain-making involve 
the conversion of some supercooled cloud drop- 
lets into ice particles; diis not only improves the 
possibility for the aggregation of cloud elements, 
but also increases the buoyant lifting of the 
cloud air by the release of the heat of fusion, 
c) Ice in the form of tiny crystals is found in clouds 
whose temperatures are far below the melting 
poiut of ice (32 F). Usually, clouds, even at 
temperatures of 15 ci)nsist of liquid water 
droplets, which are called "supercooled"; their 
natural freezing point is well below 32° F, de- 
pending on their size. Ice always melts at 32 °F, 
but water rccpiires much lower temperatures to 
freeze. 

Phase Changes of Water 

Can you name some phase rhan^^es in the 
atmosphere? 

The phase changes arc not only all-important' for 
weathiT processes, but also for life processes (transpi- 
ration by plants, perspiration and water h)ss by the 
breathing of animals and man). All phase changes 
are connt'cted with heat transactions. 

a ) Liquid water to water \'apor, Vxa potation, re- 
quires heat (roughly 600 calories for evapo- 
rating one gram of water), because water 
molecules are held logetlier by electrical bonds 
that ninst be separated. Thus, evaporation is a 
cooling process. Other conditions being the 
same, the drier the air, the greater the evapora- 
tion rate, and the colder the water and its en- 
vironment become, 

T}ie wct'hulh effect is a manifestation of 
evaporational cooling and can be demonstrated 
as follows: I'^irst, feel the sensible temperature 
of a piece of cotton cloth; then dip it into watcjr, 
wave it through the air a few times and feel it 
again, 1. What is the dilFerence l)etwecn the 
sensible temperatures of the cotton in the dry 
and the wet state? (Colder in the wet state.) 



2. Why is it' possible for laundry to freeze out- 
doors, although die air temperature is above 
32 F? (The rate of evaporation may be fast 
enough to lower the temperature of the laundry 
below freezing; this happens when the wet-bidb 
temperature is well below 32 F.) 

b) Ice to water x'apor, Evaporation, can take place 
without the ice melting first; a snow cover can 
disappear even when the temperatures are far 
below 32 'F. .Again, heat is required for this 
phase change and more than for the previous 
one, because ice has a hexagonal crystal strue- 
ture in which the electrical bonding is stronger. 

c) Ice to liquid water, Melting, requires heat to 
loosen the bonds between ice molecides; melt- 
ing is a cooliug process; when ice is heated, its 
temperature rises to 32 F and remains there un- 
til all ice is melted. Only then will continued 
heating raise the temperature of the water. 

d) Liquid water to ice. Freezing (or Fusion), can 
only take place if heat is removed from the 
water. The same amoimt of heat (80 calories 
per gram) required for melting is released 
when water freezes. Thus freezing is a wann- 
ing process! 

e) Water vapor to ice, Sublimation, releases the 
same amount of heat as was required for the 
reverse process; it, too, warms the air in which 
it takes place. Note that the use of die term 
sublimation is different in meteorology from that 
in chemistry. 

f) Water vapor to liquid water. Condensation, re- 
leases the same amount of heat (called latent 
heat) as was re(pnred to evaporate the water. 
Thus, condensation warms die air; it constitutes 
an important som'ce of heat for the atmosphere. 
C'ooling of air is the? primary cause for conden- 
sation by which clouds and fogs are formed, 
but, paradoxically, the heat released by conden- 
sation partially offsets the cooling of the air. 

In addition to the heat release attending the forma- 
tion of clouds and fog (which is a cloud on the 
ground ). these have further ct)nse({uences on the tem- 
perature, because they reflect sunlight away during 
daytime and trap the earth's heat at night. Where air 
pollution is a problem, fog formation can worsen the 
pollutio!! by reducing sunlight thai would heat' and 
thereby stir the air. l^'ogs also have other econonu'c 
significance in that tliev have been found to residt 
in the loss of about 7 million dollars annually by air- 
line tornpanies alone, not couutinu tlie disruption of 
other transportation systenis and the loss of lives on 
highways. 



TIk' coiulonsation of watfv vapor tan not take phuo 
without tho pivstMicr of" tortain typos of snbinicro- 
scopic particles, callcil condiMisation niu'Ici. These 
art* prothict'tl by all coinhnstion prottssi's, whclhor or 
not smoke is visible; the spra\' from tht^ ocean also 
pnuhiees condensation nuclei when the droplets 
evaporate leaving minute salt particles suspended in 
the aiv. 

lake a gallon glass jug. paint the haek-half black 
or tape a piece of black paper to it. Close the jug air- 
tight with a stopper through which a hole has been 
punched; put a short piece of copper or glass tubing 
(e,ix, eye-dropper or plastic tube) tlirough the stopper 
and fasten a 6" to 10" piece of rubber tubing to it. 
If the jug has a screw cap (see Figure 4.17), punch 
a hole from the inside through the middle of the cap 
including the cardboard disk inside. Widen the hole 
until the elongated rubber bulb fnmi an eye dropper 
can just he squeezed tlirougli the hole, with the open 
end on the inside. Make a small hole in the closed 
tip of the rubber bulb and push the glass (or plastic) 
tubing from the inside through the rubbei bulb (see 
Figure 4,18). If the assembly is not airtight, close the 
leaks with candle wax. 

For a demonstration model of this hydrologic cycle 
(see Figinx* 4.19), we make a wooden stand as in 
Figure 4,20, Hetwecn the nails we put a can top or 
large jar lid as a trivet on which we fasten a sliort 
piece of candle or set a sterno-heat can. 

Into another coffee can lid, we punch holes on op- 
posite sides Ui'ar the rim. Through one hole we stick 
a metal funnel that has a rim diameter of about 3" 
to 4". The other hole we widen to a diameter of 
Then wc roll a sheet of tin-can metal, 3" x 6", into 
a tube of 6" length and about diameter and tie it 
near the top anil bottom witli wire. The tube is fas- 
tened with liquid (or hot) solder on top of the hole, 
cud the fuimel. too. is soldered into the can lid (Fig- 
ure 4.21 ). From a tin can, 7" to 8" long, with a di- 
ameter of 3)/'. wc remove the top and punch a small 
hole through the rim of the bottom. With a 10" piece 
of stiff wire we lian!^ this can from the dowel so that 
it is tilted at au angle of about 20' from the hori- 
zontal with the bottom over the middle of the funnel, 
as shown in Figure 4.22, 

Fill the coffee can about half full of boiling water 
and put several pieces of ice in tlie hanging can and 
light the caudle or steruo. .\fter a few minutes the 
hytlrologic c\'cle will start. 1. What do you observe? 
2. What does tlie w;iter in the can represent? 3. What 
does the suspeuded CiUi repvesenl? What the ice in 
it? 4, What does the fuuuel represent? 5, WHiat does 
the candle or stcrno represent? 
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Figure 4.17 
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Fi<riiro 4.20 

Material: Om- pnxr ol wood. \ (>" x 7", one stick 
oF wood, 1" X 1" X 20", a 6" piece of )i" 
tlowrl rod, four nails, a tin-can lid or 
larur jar lid. .i short candle or stcrno 
tanned heal, a pitce of Un-ean metal 
:V' \ ()". one eolfee tin can, 3)2" hit^h, 5" 
dianu'ler. one tin can 7" to 8" hi^h. 
diameter. on(» metal fmmel 3" to 4" di- 
ameter, two I" j)ie( i»s ol" tliin wire. o]u» 
JO" piece ol' hcuvy wire. h'({nid (or otlier) 
solder, nhie. hoi I in <^ water and a few ice 
cuhes. 




Answers: 1 ) SU'am i nndinst's on siis))<Muk*d can 
with kw xwus aloiii; llic bottom and clrips 
off into fnnnol. 2) The watLM* rcprc- 
st'tils llir oitMiis. lakes, riwMs. etc. ll) Es- 
sentially a cloiul; [he ito in it represents 
llu- (»\pansionaI toolint^ that the rising 
njoisl air cKperiences. -{) The fnnnel is 
the earth's surface alont; whieli the pre- 
cipitation runs off. 5) I'hc candle or st'erno 
represents tlie sun's energy used for tlu; 
evaporation of the water. 

Ki»forence 

Davis. Kennelli S. and Day. John A. (1961), Water: 
Thr Mirror <»/ Sc/r/ar. Anchor Hooks, Doubled ay & 
Co., Carden City. New York ($.95). 

Film 

Th(' /i//ni///dtrr Available Irom Australian Einbassy. 
IT.r? Eye St. N. \V.. Washinutou. D. C. 

HKAT TRANSFER 

Major Topii't* Di^ciiHi^fMl In This Set'lion 

1. Heat Transfer Processes 
a. Solar Radiation 

h. Conduction 

L\ Couvettion (by air and ocean currents) 
d. Latent Heat 

2. Effect of Surface HcHectivity on Air Tempera- 
ture 

Can anyoiK' name one or more heal Iransfer 
|>rori*ss<'s? 

1. X'arious heat trdnsfcr processes are involved in 
( Iiauuinu the teuipcrature of the atmosphere, liecaiise 
air is essential!) transparent to sokir radiation^ it is 
not directl)' healed b\' sunshine. Most of the air- 
temp/craturc changes observed near the ground are 
dui' to heat transfer l)et\\'ei'u llie gromul and the air 
above it. I^ccausc air is a ])oor heat conductor. Con- 
(hu'tioH iu\<»i\t's on!)" an air layer a few inches thick 
and in direct coulacl with the surface. When the air 
t(iuj)eratm'e luis been sulfiL ientl)* raised, Convcrtion 
will set iu: the warmed air risi's and is replaced by 
cooler air Iroui above. 'I'urbulcnt wind increases tlie 
efficiency of this prorcss. W hen the grountl is colder 
tlian the .lir. llic heat transfer is to the surface, and 
the air uels tolder. so that tliere is no lendtMiey for 
Vertical t urrents .uid heat evehange with air aloft*. 
Hut turbulent wind will j^roduce mixing with the 
rehitivcly warnu'r air above and slow down the cool- 
ing j)ron'ss On a u iud\ da\ the temperature do<.»s 
not rise as hiiih dnnu<4 d.iytime nor drop as low at 
night. 



The circulation estal)Iished by convection can be 
denu)t^strated in tlie following manner: Take a card- 
board (shoe l)ox ) of dimensions similar to those 
in I'igme 4.23. cut a window into the l)ox top and 
cover the opening with transparent plastic. Cut out 
two holes in one side and tape or glue two cardboard 
tubes over them and otherwise make tlie l)ox airtight. 
.\ bo.\ can also be made from two sheets of 8)2" x 11'' 
canlboard; one bent to form the bottom (3" x 11") 
and the hack (o.'i" x 11") of the box. Out of the 
other sheet, cut two pieces 3" x 5'i" and one 3" x II" 
and then tape them into a box as shown in Figure 4.23. 
the front being covered 1)\' a slice t n{ plastic. Cut 
two holes in the top into which two cardboard tubes 
are fastened to complete tlie model. Wind the end 
of a stiff pieee of 12" wire around a candle, make a 
hook of the other end, and hang it over the rim of 
one of the chinmeys. Light the candle and be careful 
to bang it so that tlie box does not catch fire (have a 
beaker with water handy). Hold a piece of smolder- 
ing siring over the other chimney, watch the smoke 
travel, and draw a pictiue of the circulation. 
Material: Two sheets of 8.'i" x 11" cardboard, two 
cardboard tubes S'a" long, II2' diameter, 
a sheet of transparent plastic 5)2" x U", 
12" of stiff wire, a small birthday candle, 
and tape, 

lAiti'Ut heat is contributed to the air by the evapo- 
ration of water into it; this heat is released and 
convertetl to sensible heat when the water vapor 
condenses. B\- this process large amounts of heat can 
be transj)orted by the air over large distances; much 
of the difleren(c between the energy received in 
ecjuatorial regions and that received in polar regions 
is c(iuali/ed 1)\ the transport of water vapor, originat- 
ing from tropical oceans. 

Ocean currents also help to e<piali'/e the uneven 
heat distribution on the earth. An example is the 
Culf Stream that flows from the CJulf of Mexico north- 
eastward across the Atlantic and makes tlie climate of 
nor t hern l^uope considerabi)' warmer than that at 
similar latitutles in North America, For example, 
Trondheini iu Norwa\ , f)3 \ and 10 'E, has an aver- 
age annual temperature 23 V higher than Frobi.sher, 
Canada. a3 \ and fiS \V. 

Does the roiliM-livily of Hur fares afferl air lom- 
peralurc? How? 

The radiational liratinti of dilfcrcjit kinds of sttr- 
j(n es is iinporlant for its iufhience on the air tempera- 
ture. I his heating dej)euds on the reflectivit\' of the 
various surfaces, because the energy reflected cannot 
contribute to raising the temperature of the surface. 
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Laud iintl water reflect roughly the same amount of 
railiiitiou (less than I)ut ice and snow surfaees 

refleet eonsiderahly more radiation (5()^f and more). 
Yet. water surfaees show (juite a different response to 
ra(hation than does hmd. «ls is easily verified on a 
sunny sninnier day hy stepping from the hot beach 
sand into the eool water. Water recjuires more heat 
to warm up to the same temperature as land, because 
water is mobile so that the wanned water at the sur- 
face is readily mixed with tlie cooler wMter below the 
surface. Of secondary importance is thu fact that 
some of the lieat is used up in evaporating water, that 
radiation p< iietrat'es the water to some depth, and that 
the heat caj)aeity (specific heat) of water is some- 
what greater than that of land. 

Water stays re!ative!\- cool under the same radia- 
tion conditions that land gets very hot. In turn, water 
retains its heat longer, so that it cools much niorc 
slowly than tloes land. 

The differenns in temperature of water and land 
under the same ratliation comlitions can be demon- 
strated IS follows: Fill one of two shallow C():»lainers 
( cut-tlown tin cans) with water, the other with sifted 
soil and insert the bulb of a lliermometer just under 
the strifau' of each (see Figure 4,24). The ther- 
monu'ters ar^ pr{>pped up so that the bulbs remain 
fixed. After the temperatures have stabilized, take 
the reailini;s and record them. Then place a 150 to 
200 watt bull; about 10" above the middle behveen 
the two containers, turii the light on and take read- 
ings of each tlu'rinonn'ter every minute for about 5 
niimites. I. WMiat is the rate of temperature change 
in water as eoniparcd to that in soil? (It* is slower.) 
liepeat the e\j)eriment but this time wet the soil. 
1. Is the temperiilure change of wet soil slower or 
faster than that of dry soil? (Slower.) Why? (Be- 
cause some of the radiational heat is used to evapo- 
rate the water from the soil. ) 

Material: Two tin cans, two thermometers, one 150 
to 200 watt bull), soil and water. 
The difference in thermal properties between water 
and land is responsible for the large differences be- 
tween continental and maritime climates. Maritime 
elimatrs have smaller annual temperature ranges (dif- 
ft'rence belwten the mean monthly temperatures of 
the wannest and coltlest month of the year), smaller 
diurn.d temperature ranges (difference I)etween daily 
m.iximum and mininutm temperatures), and smaller 
day-to-day changes of teniperatun-. For (Example 
Fureka. (.'alifornia lias .in .u'cragc .unnial tempera- 
tnri' of 52 V, the saini' as Omaha, Nebraska; the an- 
imal range at Eureka iN only 10 F, while it is 56 ^F 
it Omaha. 



The teujperature differences between land and sea 
produce ihe monsoons and land-and-sea breezes, re- 
:i))ec'tively. In sununer and during davtime, the land 
is warnK'r than ihc adjacent sea so that the warmer 
air rises o\-er the land and is replaced by cooler air 
from the sea. The suh.secpienl heating and lifting of 
the moist air from the ocean tends to produce rain- 
fall. In winter, and at night, tlie circulation is reversed. 

Reference 

Hattan. Louis J. ( I96f)), The Utwlcan Sky, Anchor 
Hooks. Doubleday and CJompany, Inc., Garden 
City, New York ($1.25). 



AIR MASSES AND FRONTS; AIR MOTION 

.Major Topies DiscUHscd In This Section 

1. Air Masses and Fronts 

2. Pressure Gradient as Cause of Wind 

3. .Angular Momentum and Coriolis Effect' 

4. Convergence and Divergence 

5. Wiutls around Pressure Systems 

6. Wrtical Moticm and Clouds— Adiabatic Tem- 
perature Changes 

lloM are air inaHHOH fornie<l? 

The relative deficiency of sunlight at high latitudes 
j^roduces cold ground therefore cold air. This effect 
is especially marked ov(»r continents in winter where 
there is very little water vapor to act as a blanket. 
Then.' fore, large volumes of air at high latitudes and 
o\'er the continents take on the cold, dry characteris- 
tics uf the underlying surfaces. At the same time, 
large volumes of air at low latitudes are still very 
warm and relativelv moist. Iliese air masses move 
out of their source regions on occasion and produce 
marked changes in the weather. The boundary zones 
between different air masses are called fronts and are 
often regions of bad weather. The motion of the air 
masses constitutes an important mecham'sm for equal- 
izing the temperature differences that will otherwise 
be found between the ((juator and the poles. The 
contrast ol aii* masses is less i)r()nounced in summer, 
when the polar regions also receive a considerable 
amount of radiation. 

(!aii iiiiyone I'xplain yshai eaiiseH \^in<l? 

Uor'nonUil air lh>ir~(\\c ir/nr/.v— are caused by hori- 
zontal differences in i)ressuie so that th(» air tends to 
move from higher to lower pressure. 1*h<' greater the 
pressure clifhrences per unit of horizontal distance, 
called pressure ffradient, ihc stronger is the wind. 
When the nozzle of an inflated balloon is opened, thi' 
air flows out: the greater the pressure difference be- 
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twrcii itisidi' ami tlir outsiilr. ihc fastor tlu* air 
Hown from till' hallooti. 

Oil a l.iru*' Male, tin- air dtu N not How straight from 
ri'Uioiis of liiuh to low prcsstiri'. lalk'il Iliulis ami 
I.own or anliiArloiu's .md lyrloiu's. ri*spftti\'i'ly. hi*- 
taiiM' till' rotation of llir rarlli imparts an ant;ular 
momrntnm t() all air masses, Tlio <in<j,til<ir inonictitatn 
of a nnil of mass is iho pioiiuct of the spin radius 
\ dislaiur from the l arlh s axis \ and llio anj^nlar 
Vi'loi it\- ( anulr s\\ ('j)t ihroni^h in nnil time, or spin 
rate i. In tlu' al)M'mr of other fortes, the anunlar mo- 
mentmn will ht* eonM*rved so that if the spin ratlins 
In increased, the aiiiinlar velotit)' must decrease in 
ordi'r to keej) the product constant. 

The principl" of conscrwition of an<;nlar momen- 
tum can he demonstrated in two ways: 

ti I To a stout string, tit* a rnhbcr stopper or any 
small ohjeit weiiiliinii about one-half ounce; 
tliis is tlie mass. 'Vhv striui^ is pulletl throui^h a 
hollow handle. The rim of the hantlle should 
])e smooth so that the strinu ^^'iH not be fra\cd 
or cut, A stick of wood, pencil or the like, is 
knotted to tlie other I'ud of the string so that the 
mass cannot ily off (sec I'i^ure 4.25). 



1) ) I'^ill a laruc round bowl (see Fii;ure 4.26) to 
within an inch or so from the top with water. 
Spriukli' sonu' dust into the water to make its 
motion visible. Stir the water in a circular mo- 
tion until the entire water assumes a fairly 
stead)' rotation. Insert a i^Iass tube vertically 
( I)rt»pared as in I'^ii^ure 4.26) into the water to 
ii depth of about two inches and slowl\' suck a 
f>" to 10" column of water up into the tube. 
What do \()u observe? (Water column in tube 
rotates faster.) Does it matter whether you in- 
sert the tube at the center of the rotating; fluitl 
or near the periphery? ( No. ) 



STOPPfR 



SAW DUST OR 
CHALK DUST OR 
CORK DUST SPRINKLED 
INTO WATER 



12" 



-1" TO 2" 

GLASS TUBE 



OPEN GLASS OR 
PLASTIC TUBE 



36" OF VERY ^ 
STRONG STRING 



f 
t 

I PACKAGE 

HANDLE 



RUBBER 
STOPPER 
(NO. 6 OR SO) 




Swi;j<4 (hr lu.iNs .d)n\(' your head in <i horizontal 
( irt !<■ .unimd the handle until tln' lUtiss ha^ a sub- 
st luti.d nmmi iiduu. 'rheri. while the mass is co<islin'j; 
arouritl. pidl the striu'4 by the stick to ui<ike the spin 
radiuN >li<ir!< r. W hat flo you observe? { Sj^in becomes 
tast»'r. 5 lu'pr.il the e\]HaiuH ut . but It^t llir mass s])iu 
NtMurwh.it bi^ti r with (>nl> lialf the spin radius by 
hiiiiliui: du- Nti( k a( .III apj)r()pri it«' distance below the 
hah<!le. ilieii jrt tlir string out to make the spin 
r.idiuN larger. What h!j)j)eus now."" (Spin becomes 
sl'iwer. • 
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Fifsiirc 4.26 

M'be sohd eartli and still air have the same angular 
velocity e\"er\'where because they rotate as a unit, 
oiici' in 21 hours, liecaiise the distances of the earth's 
surface from the axis vary with latitude, the aui^nlar 
ninmentum is a MKiNinmm at the I'Cpiator (largest spin 
ratlins) and dinn'nishes to zero at the poles (zero spin 
rail ills). W'lu'u a mass of air mo\'es poleward from a 
i^iveu latitmle. its spin radius decreases and therefore 
its sj)iu rate must increase to conser\'e its anguhir ino- 
ujeijlum. Therefore, it will spin faster tlian the earth's 
surface underneath: i.e.. it will accpiire an eastward 
motion. In the northern lieuu'spberc. this means that 
<ur moviuii from south to north (a south wind) will 
turn toward tlu* east to ])i'C()me a westerly wind. On 
the oth<'r baud, a wind from the north will increase 
its sj)iu radius and fh<'refore diminish its angular 
\c'l(>( ity about the axis so that the air will move west- 
ward relative to the earth's surface. In other wortls. 
all moving masses on the northern liennspherc will 



be deflected to tlie ri<ih( of their motion regardless of 
llieir direelioii; in tlie soulliern hemisphere, they will 
he deHeeted to the left of their motion. This efTeet is 
ealled the Coriolis defleetion. 

Bet anse of the Coriolis defleetion, winds do not flow 
(hrectly into a l-ow or out of a High, but eircle around 
tliese pressure systems, eh)ekwise around Highs, 
eountereloekuise annind Lows in the northern hemi- 
sphere; in the southern hemisphere the rotations 
are reversed. Near tlie earth's surfaee, however, fric- 
tion with the gromid makes the air turn slightly into 
a Low and out of a Hiuh in both hemispheres. This 
causes rontcr^eMee of the air in the case of a Low, 
(livcr<^cnrc in thf tase of a High. This can be shown 
!))• the model in Viiiuiv 4.27. It consists of a sheet of 
8-2" X 11" cardboard with a 7" diameter circle drawn 



direction of the pressure gradient force.) I. Is the 
resulting circulation a clockwise or counterclockwise 
spiral for the HKMI? (Clockwise.) For the Low? 
((]()unterclockwise. ) 

To show the circulation patterns for the southern 
hemisphere, we return the arrows to their initial posi- 
tion and then turn each about 30 to the left (counter- 
clockwise). 2. What are the residting circ(dations for 
the HIGH and the LOW? ( Connterelockwise for 
HIGH, clockwise for LOW,) 

The Buys Ballot nde (pronounced: boys-ballot) 
states that, in the northern hemisphere, if a person 
stands with his back to the wind, low pressure lies 
to the left; high pressure lies to the right. 3. What is 
the Buys Ballot rule for the southern hemisphere? 
(Same, but "right" and "left" are exchanged.) 4. In 




Fifi^uro 4.27 



with the same center on each side of the cardboard. 
Sixteen x 3" arrows of black cardboard are fas- 
tened with paper fasteners, eight on each side as 
shown, the arrows showing the winds straight out of 
the HIGH and striiight into the LOW. 

In the northerii hemisphere, the Coriolis deflech'on 
is to tbe right; so we turn each arrow about 30° to 
the right, i.e., clockwise. (In the absence of friction, 
the Coriolis force would turn the flow 90"" from the 



which direction is tbe LOW relative to an observer 
who notes a south wind a) in the northern hemi- 
sphere, b) in the southern hemisphere? (a) W to 
the NW; (b) E to the NE. 

Material: One sheet of cardboard, x 11" or 
larger, sixteen strips of black cardboard, 
X 3" each, eight small paper fasteners. 
Convergence and tlivergence near the surface pro- 
duce vertical air motion in the central regions of pres- 
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sure sysliMiis. la Lows, tlic totiviTiiciicc fortes the 
tiir upwards; in Hii^hs, tliveri^ence causes sinking of 
jir (set- Kiujirr 1.28). ANcciuliiiu air cxprrieuces 
lApaii.sioii I)riaiis(' tlu' prcssniv detrrases willi in- 
trcasiiiir hritiht, while des^iiuhni; air experiences 
coinprrssioii, Kxpaiision of the air lowers the teni- 
peralnre, e\-eii lliouiih oo heal is lost Conversely, 
compression raises the li'inperalure. Siicli tettipara- 
turv <'han<!,i's are said to be adidhatir and occur with 
\rrtii.d jnotioii onl\, because the pressure (k'crease 
upward is 1(),0(H) tinn's as urcat as in the liori/ontal 
ihreclion. 
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DIVERGENCE 



A<li.ibatic Iieatin^ can br dcinoustraled with a bi- 
c \ t le or <.ar tire pump. Holibiv^ a fint^cr airtiglit over 
the pump uoz/Ie, wi* rapidly piunp 5 to 10 times and 
note how tlie pump ( yhnder Ucts warm. The coolini^ 
of cxpandinu air lau \w shown !)>• fi-elini^ the air let 
out bom an iullatcd football, bicA'cIc tir(\ etc; this 
(oohuLT is riMially suffitient to indicate a temperature 
(bop on .1 tbrrujoMictcr held into th(> esctipinfr air 
stri'am. 

When the teuiperatiu'e drop of iiscenilini^ air is 
Itir^e enough to taiise saturation, clouds will form, 
'!'hu% ( louds tind preeipitatioa ari' always ccmnectinl 
with u))ward njotion nt air. \\\ contrast, the tiMiipera- 
ture of sul)>i(bnu air intreasis. and tluu*ef()r(» its rela- 
tive liuiuich'ty (h'lreases. so that au\- clouds present 
will evaj)orate. *I*his explains the ^eneridl\' "bad** 
weather coimet ted with Lou s and the '^^ood" weather 
tr)im(\ted with Hi^Iis. 



Hattaiu Louis J. { H)f)2). WiuUir Observes the Weather, 
Auchoi' Hooks, Doublcdav 6w (a)., bic. Garden City, 
New York ($.U5K 

Hare, F. K, ( IfiOI ), llir Restless Atmosphere, Harper 
6{ How, FubliNbcrs, New York ($1.45). 

Film 

The Inconstant Air - McCrawTlill Films, 330 West 
42n(l St„ New York, \. Y, 2()()3a 



ATMOSPHERIC STABILITY 

Major Topien DifscuiHHtMl In TIiIh Section 

Stable Air: potentially warm aloft— no vertical 
nu)tion; foi;, haze, stratiis-typc clouds, steady 
precipitation. 

Unstable Air: poti'ntially cold aloft—vertical mo- 
tion; i^ood visibility, cimnilus-type clouds, show- 
ers, thunderstorms, 

Pollution: temperature stiatification effects upon 
air polhition. 

Stable and Unntahlc Air 

The vertical decrease of [iressiire does not usually 
[produce an upward wind because of the eonnter- 
balaiicini; inlhieuce of i^ravit)'. However, occasionally 
there are relativcK' strong upward and downward 
motions which are i^overned 1)\' the temperature dis- 
tribution in the vertical rather than by the pressure 
distribution. liecanse verticaiiy moving air changes 
temperature adiabaticalK', we nmst compare air at die 
same level in ortler to deternnne whether the air aloft 
is warmer and therelore lii^hter. or colder and there- 
fore heavier than the air below, bi other words, we 
must \n\\i)X two air samples to the same height; this 
is done b\' increasing the temperature of the higher 
air by 5'i F b^r every I,(K)() ft. altitude diflFcrence. 
For example, if the air temperature at the groimd is 
50 F and the air at 2,0()() ft. height is 43 '^F, the 
air at 2. ()()() It, height is potentially warmer than 
the air at the grouiul, bec.uise if we bring that 
air down to the ground its temperature would be 
43 (2 X o}'2) 1^ 54 F. 

If the jiotentialK* wiirmer (liiihter) air lies above 
potentialK* colder (hea\icr) air, the air is said to be 
stable. U. hnweviT, the air aloft is i^otentially colder 
dian the air beneatli it. tlie air is said to be umtahle. 
The (bifcrciKc betw I'cn these two conditions is the 
la( t that vertical motion of air is supinessed under 
^labIe. but f a( ilitated ; un(h*r unstable, temperature 
distributions. W hen the tciriperiitiire aloft is actually 
(not ()ul\ pot(MitialI\- ) warmer than the air bi'iieath it, 



as, e.g., wIkmi the teinptM'aturt' at tlu* ground is 50 F 
ami 200 It. it is 5o K, a \t'rv stiiblr condition, tiilled 
ifit crsuni, exists. 

Stability or inslability of the air is an important 
eharatteristie that determines what kind ol weather 
phenomena may oeein*. For example, eiinndiform 
elonds. thnndei ,tornjs and showcr-tx pe preeipitation 
oei nr in unstable air, whereas stratiform elouds, steady 
precipitation and log oetur in stable air. I'puard 
motion in stable aa\ eansed b\ eonvert;enee or up- 
slope llow, i> ver\ slow jnd operates o\'er hiri;e areas. 
In imst.dile air. upward motif)n is rapid and h)eaii/ed. 

KfTiM'l f>f IVinporalitro SiralWicatioii on Air 
I'oIIiilioii 

In indu-^tiial oi' metro{)()h'lan areas, air polhition 
ma\ betome quite M'rious under stable eonditions, 
espe< ially inversi"!is. beeaiiM' vertieal enrrenls are 
absent. rniU'i* unstable conditions, these currents 
un*x the polhited ai«- iiear the ^^roiukl with e!eaner 
air from aK)lt. The tonditions of stable and unsl;d)le 
tempi lalurc str.itifit alious can be demonstrated with 
the follow inu mode! ( ser Fii^ure T^fJ ). 

We (.Jit tlji' to[) ont o|' a 4" diametei- tin ean, tlten 
eut a riiiLZ abont 2" wide Jiiom tlie ean wail. 'Die rest 
of the tan shoidd be triuuned to a hei^^ht of 2''i" to 
• )". Into this we fit a transparent sheet oi plastie 
rolled into .i cylinder, 2-4" long. The cylinder is 
tii^htk t.iped to the tin ean, and the rini^ is taped .o 
the toj) nf the e\liiuler tor rt^iuforeernent. The s(*am 
ol the cylinder is also taped together. About 10" 
inmi (Ik- hotttmi ol tlu' (yiimler w(* punch a hole 
throuuli the seam and insert .in IS" piec-e of rnbbcM* 
tid)inu, tlie end <if wlni ji shr^nid reach to within an 
inch from the iusi<le bottom of the tin ean. 'I'he tub- 
inu is t.i|)eii to the evlindfr .it the entrance hole. 

Now we fasten tw o thei tuometei s to .i V d<)wel 
rod .iboiit .■)0*' loiiu ^o that w hm the rod rests on 
the bottom ol tan. the l( w er tiu'imometei- bull) 
is about 2" Irom ihc buth m, thi' upper thermometer 
bulb 2" fnun llir top rini 1 f!.*- e\linder. The rod 
with tlir thrruionu'tr! s is iuM in the midille of the 
c\ linder by a 7" ])i('( i' w irr wound around the rod 
and hookrd and t.ipcd over the i ylinder edt^e. 'I*he 
I'Utire assembly is then placed in a larger tin can and 
ln'ld in place b\ string, rubber b.uuls. j)aper clip and 
n.iil, as shown in I'iiimc 1.2U. 

\\\' now pour a slush f)f erushed ice* and water 
betwi-en the outer and the inner can and read the 
Miermonieters aMt r about o mimites. I. What is this 
>tr.itifiratioii raii«'d.-' . 1 u\ f ' i ^i« )n, ' 2. Is it stahh or 
unstable? ( Stablr. » 

We i^ently blow some smokr thi'ou^h the rubber 
Iiose into the bottom of the cvlindei" lUitil it fills 
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FifTiirr 4.29 

about of the cy linder. This smoke will stay there. 
3. \\'h\ ( Hecause the air is very stable.) Now we 
empty the outer c<m withoijt (listurl)ini^ the c\'linder 
and [)our vcrv hot w.itoi' into the outer can. Head tlic 
t( uij)eratures e\'ery minute and observe earcfully the 
development of instabilitv and the attendant behavior 
of the suM)ki\ Note how colunms of heated air iutcr- 
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iiiittLMitly push upward, until [he smoke emerges from 
ihr top of the ( yliiidor. 

Material: Two rqual tlu rmonK lois. a shwi of trans- 
parent plastic 13" \ dowel rod, 
:>()" long, one tin ean 4" diameter, 6" liigh. 
one tin ean 5" diameter or more, 2" to 
3" high, still wire, 7" long, two paper 
elips, -1 ft, of string, two rubber bands, 
pit'ee of wood \ 6" x 7". six nails, tape, 
IS" of thin rubber hose, lee water and liot 
water. 

Any process that warn^s the air near the ground 
pr()iiu)tes instability; thus radiational heating of the 
ground during tiaytinie tends to make the air un- 
stable antl to prodtue vertieal eurrents. On the other 
hand, at lught when the ground eo{)ls by radiational 
heat Ios> the air becomes e{)ld near the groimd. while 
the air aloft reniains relatively warm, protlucing stable 
eoiulitions. For this reason, air p{)llution is more no- 
ticeable at night and early morning than in daytime. 

SEVERE WEATHER 

Major Topirs I>i8(*u»8efl In This Section 

Thunderstorms and 'I'hunderstorm Electricity 

Tornadoes 

Hurri(.anes 



MAILING TUBE 
3 DIAMETER 
3 FT LONG 




BAKING PAN 



STERNO STOVE 
OR OTHER HEAT 
SOURCE 



Can you deHcrihe a thiniclerstorin? Tornado? 
IIiirriraneH? 

Most severe weatluT phen{)mena are a manifesta- 
tion of atmospheric instability of great magnitude, 
especially when the air in the low levels is very warm 
and moist. 

Ttirnadoes (Twisters) are the m{)st violent and de- 
structive stonns. 1'hese whirlwinds have a diameter 
that rarely exceeds }'\ mile, but the wind spcetls are 
(m the {)rder of several himtlrcd miles jxt hour. More 
tornadoes occur in the I'. S. A. than in all other 
countries combined. Oeat instability of the lower 
atmospheric hiyers is {)ne of the prerequisites of the 
formation of tornadoes. By imitating natural condi- 
tions, we can make a working nuxlel of a miniature 
tornado (see Figme 4.30). For this we must provide 
the following: 1. A system of very imstable air, i.e.. 
one in whith the air is very warm at the bottom and 
relatively cold at the top. This is achieved by heating 
the air from below: the resulting convection is in- 
creased by having the heated air rise through a chim- 
ney. '2. A means of imposing a rotating motion on the 
rising air: this is done by guiding the coltl air enter- 
ing the system to force the hot air up the chimney. 
3. A source of steam to make the whirl visible as the 
ch)iitl-funnel does in nature. 
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Figure 4.30 

The model consists of a scpiare pan (in which water 
is heated) and a cubic box (without a bottom) on 
top of it. 'I'wo adjacent sitles of the box have win- 
dows, one througii which light shines, the other for 
ol)ser\ ing. On the right-hand side of caeh of tbe four 
box sides are slots; the width of the slots is about Vio 
of the sitle length nt the box. The top of the box is 
as large as the top of die pan and has in the center a 
hole, tbe diameter of which is Vn of the side length. 
Over this hole a chininey 2-2 to 3 feet hnig is placed, 
having a diameter slightly larger than that of the hole. 

'I'he model described here is built around a square 
1) iking pan S" \ .S" and 2" deep. The box is made 
of nuisouite, sheet uu'tal or thin plywood. Needed 
are the five sheets shown with their dimensions in 
F'igure 24. To attach the sides to the top, glue, nail, 
or screw four strips of wood about 2*" x /i" x 6" to 
the underside of the top sheet (bottom of Figure 
4.31). Faint the inside surfaces of the b{)X with flat- 
black paint. The sides are fastened to the top so that 
the two windows are next to each other and that there 
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.1 '•" slot nij thr riizljt^li.{i,(l side ui cjrh of tlie I'oiir 
mMo .in nIjou f, ifj Fl<:»tiv About 's" .thovv tlu- bol- 
tfun (mIu*- nf <Mr|, sui... pniuli or drill a small hole* 
^'|»'"it I" lion, (Ik- h'tf end and anotluT hole al)out 
h" h(»ni tlu- riirlit nj^.j,.^ of stiiF wire, earh 

loiiii. .ij-f pulird (liroii-h dir linh's across each 
rnruvr as .slruvii in Ki^niv Set the hox oji tln^ 

so (iiat th<' rim of (he pan is inside the box and 
tlir wires rest on (he pan corners. I'ress lh(» wire ends 
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tii^iitly a^rain.st tho box sides and pull them while 
bcndintr. so that (lie box sits fast on the pan. Then 
^Iiic or tape sheets of transparent pUistic or thin ghiss 
over the ent-ont area of the wiiuhnv frames. 

The ehinmey is fastened to the box top with glue 
or tape. There should be no air leaks between chim- 
ney aiid box. between sides and top of the box, and 
l)etween tlie l)ox and the pan, so tliat the air can 
enter the hox only tbroiiirh the slots, 

l-'ill the })an tlnou^li a slot with hot water to within 
from the rim and place the model (m a hot' plate, 
sterno burner, or other lu'at soiirc(\ \ small electric 
inunersion heater can also be used. The water should 
bt' heated until anijile steam develops, but it should 
not boil. Have a britrht li^ht sliine throui^h one of the 
windows and obserxc throui^h the other. We can 
mal«» the steam better visible by blowinjr smoke into 
ihe box. 

I. What do you observe? 2. What are the direc- 
tions of the ujotions? 3, Wliy does smoke make the 
sreaui more easily visible? 4. What motion do you ob- 



serve on the water surface? Why? (The motion of 
the water can be made better visil)le by blowing a 
small amount of fine ashes or chalk dust onto tlie 
water. ) 

Amwers: 1) A miniature tornado forms. 2) The 
whirl is counterclockwise. 3) Smoke furnishes con- 
densation nuclei on whicl. more steam can condense. 
4) The water surface slowly tlevclops a counterclock- 
wise motion also, because the whirling air drags it 
along. 

Material: Four sheets of masonite x 8'' one 

sheet of masonite 8'' x 8". one baking pan 
S" X 8" X 2", t\^•() sheets of clear plastic 
(V X 0)2", one 3" x 36" maiUng tube, four 
pieces of stiff wire, each 2)2" long (paper 
clips), four strips of wootl (molding) 
about '4" X X 6", flat-black paint, glue 
(waterproof), short nails or screws, tape, 
a light source and a heat source. 

Explain what causes a hurricane. A thunder- 
Htorin. 

Hurricanes are tropical storms that can be thought 
of as large collections of showers antl thundershowers, 
usually arranged in bands spiraling about a central 
eye. The he .ting from below is accomplishetl by 
warm seas and a substantial amount of latent heat 
of condensation released in the atmosphere. Hence, 
hurricanes form over the tropical oceans in late sum- 
mer antl fall when the seas are wannest. The eye is 
usually a few miles in diameter, antl wintls from 50 
to 200 miles per hour may extend over a radius of 
1(K) miles or so. 

Electric discharges connected with thumlcrstarm.s 
are the result of production of electric charges by 
collision of cloud elements and subsequent separation 
in the strong vertical currents within tbe thunder- 
cloud. When the electrical potential is sufficiently 
great, a giant spark, having a current of thousands of 
amperes, occurs within the cloud or between the 
cloud and tbe ground. This current heats the air to 
some 30,000 degrees; the explosive expansion of the 
air column through which the lightning passes causes 
a Shockwave that we call thunder. 
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INTRODUCTION— THE IMPORTANCE OF 
SPACE SCIENCE INFORMATION IN 
SCIKMil. Cl RRICl LA 

'flic exploration of space affi'cts your life today. It 
will continue to affect your life more and more as 
tirne i^ocs on. Man's activities in space alFect your 
thinkinii, yt)ur reading, your conviMsation and many 
facets of evcr\(lay life. 

Space exploration is a consideration in national and 
world politics and has also aifi'c teil the trends of sci- 
ence. It is rewritiui; lodas's ti'xlbooks. 

It is prohable that ynw conu into almost dail\' con- 
tact with some product or 1)\ [iroduct whiL'li is the re- 
sult of s[)are research. Drawini; broadly from all 
fields o[ science and eui^ineerim;. space technolog)' 
offers promise ot imcoverini4 a flood of new benefits 
for mankind. 

"If there has been a sinule factor respon.sihie for 
our success over the past two hundred years, it has 
been the characteristic \nierican confidence in the 
futmi'. America's tomni.tmcut to the exploration of 
spate for pe.ict-ful pnrp )ses is a firm connnitment. 
\\*e will not retreat from our national purpose. W'C 
will not Ik- turned asidt- in {)ur national effort by those 
who would attempt to divert us. Our national pur- 
pose in space is peace~no(. just prestige/'— President 
Lyndon H Jolinsoii. 

The I*. S. Space ProLiram. undertaken in 1958, was 
.u celcrated because thii c Presidents and the Congress 
considercil it basic to our national stV/vigtli and essen- 
tial to our coutiiuied h/adership of the free world. 
Some of the major reasons why we entered tlie space 
program are the necessity that we retain un(piestioned 
preemini-nte in all areas of science and technology, 
including space, the demands of national security, the 
p(»lential I'conoiuic benefits of space lechnologv, tb.e 
iUitieipati'd new scieiilific knowledi^e which explora- 
tion of space wonld yielcK and finally, the stimulating 
effects of this thvdlen^iun national enterprise on all 
sei^nu'iits of Aui Micai: society. 

Kor the first ii.u in the historv of man the oppor- 
tunity to leave dh- wrth and explore the solar system 



is at hand. However, viewed in num's terms of thne 
and distance, the challenge of space exploration might 
seem insurmountable. Yet one has only to review the 
technoIoLjical accotnplishments of mankind in the 
2()th '.entury and the "impossible" becomes merely 
"difficult**. 

Space does not submit readily to contjuest. The 
exjiloration of space is following the pattern by which 
man mastered flight within the atmosphere, each new 
development providing a platform from which to 
take the next step and each step an increment of sci- 
entific knowledge and technological skill. 

The first goal is the exploration of our own solar 
svstcm. This in itself is an assigmnent of awesome 
dimensit^ns;* There are no plans at present for ex- 
ploration be)(njd- our solar system. Perhaps only 
dreams exist. I'cjmorrow. who is to say these dreams 
of today will not be realiv:ecl. 

The >{)uth of .\merica are entluisiast'ieally inter- 
ested anil vitally concerned in aeronautics and the 
exploration of space. It is t'le responsibility of our 
schools to transmit the new knowledge flowing from 
the space program to on; students. Their excitement 
and interest in this uniqm' national research effort 
should be usi'd to ujotivatc" tCiiching. We hope teach- 
ers will also be stiniulat^^l to explore the many ave- 
nues available to them. 

Our space prourams are far reaching in their effect 
upon om- world. The edueationjl "fallout" from the 
programs has signifi . ant implications for our schools 
and for all of onr students. 
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TIIK KAHLY HISTORY OF SVM K FlJGflT 

'Vlir uica c)t travcliDj^ U) a distaiU world ilevclopcd 
as ail nndrrstandiiii: {)[ tlir iiniMisc aiul tho solar sys- 
trm t-voUi'd. Ill USO li.C, a part of "(.'iaMo's Hrpiih- 
lic". riitillc'd "St ipio's Drrain", pri'sciitcd a coiurptii)!! 
of llu' wholi' nnivrrso. lau-iaii of (wrci'tt' wroto his 
\*i'ra History in A. I). 'I'liis was the story of a 
(lij^ht to thr luootj. With ihr viMiaissancr of sciciur 
ami the work of (iopfriiiins. Krplrr, Xi'wtoii, and 
(•aliiro, rncfi's iiiiiids tiiniri! ourc atjairi towanl tho 
thought th.it travrhtii^ to othrr worlds iiiii^ht he pos- 
.sihlc. Siirli writers as N'ohairt-. Diiina.s. }\\]cs X'oroc, 
Kduar AHcn Vnv, and M. C. WcWs fdlai hooks wi-lli 
talcs of .s))a(.(' Iravt'l. Tod.u o\iv has oidy to pick 
any ma^a/im' or ticwspapor to fiiul similar stories, 

*riu' hist(u\ of rotkrt i!evi'loi)nuMit is also inter- 
wovrii with i NoKiii'^ ideas of the universe ami spaee 
travel. It is only with the e\ ()liition of the roeki't tliat 
spaee travel .as possihle. Tin' followinij ehronoloi!;i- 
(.al eN'eiits U\i(\ to onr i)resent state-ot-the-art: 

1 ! \\*e knoNN" the rotket is an aneient iK'vice ami 
when the first roeket was tiishioneil roniains a 
seeret of the past. 
2' The earliest known diroLt ancestor of our prcs- 
cut da\- rockets was a C'hinese invention. In 
12)2 A.n.. at Kai-fuuLj-fu. China, the Chiiu^sc 
repelled attacking Mongols with the aiil of 
"arrowN of llyin^ fire". Tliis was tlie first rc- 
eordetl use of r{)ckcts. 
.) ' \\\ I2oS roc kets iiad tra\elt»ii to Europe. They 
are luoiitioned in se\t'ral loth ami 14tli cen- 
tury Kuropt-an chronicles. 
4i In a (.rude powdei rocket tiestro\'Oti a 

defending tower in tlie hattle for the Isle of 
(.'hio//a. This was durinij the thirtl and last 
\'enetian-C^'no\-esc' war of the Mth century. 
5) The eaily H)th ecntur\- hioui^ht a period of in- 
tense ifiterest in the inih'tarv roeket. Great 
Britain's Sir W illiani C!onure\e ilcvcloped a 
solid-pj (^pellant roi kef which was used exten- 
siveK in the Napoleonic Wars ami the W.ir of 
1SI2. 'I*he 'rocket's red tjlarc" in the "Star 
Spanuled liainjer* was creati'il hy Coui^rm'e's 
rockets fired by the I^'itish linrinu tlu'ii- siei^e 
in ISM oi Kurt McHeiuy near Haltimore. 
f) ! I'he niost useful outujrowth of the C^)in^re\'e 
rocket during (he HUh century was a lifesavini^ 
rocket fir^t palentiil in Britain in 1S.>S. This 
device carried a Hiu' irom shori' to a striUuleti 
ves>el. enahiin^ the tlistiessed irewjnen to he 
pfdied l)aek (o shove on a hreeihcs buoy. 
7) Almost a century j)a.>.seii before rocketry ad- 
vanced further. In 1903. a Russian school- 



teaelu'r. C .'onstiUitiu Tsiolko\sky. ]")idjlislu'd the 
first treatise on s[)ace travel atlvocating ihc 
use t)f li(piid iuel rockets. This paper re- 
niain<'d unknowii outside lhi>sia. ami h)r many 
^ ' jrs was ignored b\' the liussiaiis. 

Si Hubert H. (ioddard, an Aiuerie<in, and Her- 
mann Obertb. a Humanian-C lerniaii, working 
separately faid (he foundation foi" /nodern 
loeketry. I'rofessor Oberth provided the chief 
impetus for e\peiimental lockel work in Cer- 
man\' when, in 192.). he published his book, 
"rile Hotkct Into lnliMj)hmelar\- Space/' Pro- 
fosor Oberth disiussed n)an\" problems still 
faced by rocket scientists and expl.iined the 
theories and mathematics involved in lifting an 
objt'ct froui eaith and seiidiu'^ it to another 
world. The inspiration for the formation of 
the (lerman Soiiet)- for Space Travel (X'erein 
fur Haumschiffahrt ) came from Hermann 
Oberth's book. I^oth Oberth and Goddard 
fa\nred (he Ii((uitl-fuel rocket. Dr. (Joddarch 
a professor <it (ilark I'niversity in Massachu- 
setts, sent a finished copy (;f a fiy-jiat^e manu- 
script to the Sinit1ist)ni<u^ Institution in 1919 as 
a report ou the investii:<itions and calculations 
that hatl occupietl him for se\eral years. This 
paper entitleti, **A Method ol Reaching Ex- 
treme Altit\]des,'' ca\ight the attei^tion of the 
press becausi' of a small parai:raj')h on the pos- 
sibilit\- of shooting a rocket to the moon and 
expKuling a k)ati of powdc'r on its surface. 
Almost sinutlt'aueonsly with the publication of 
this paj)er. 13r. GotitlartI conchnled that a 
li((uiti-hi(*I rocket wouKi oveicome some of the 
difficulties be hatl encountered with pellets of 
jiowtiei', 

For the ne\t (i years. 13r. Gotldard worked to 
perfect his itieas. By 192^ he was reatly for an 
attual test flight, ami on March 16 launched tlie 
worltl's first li(piitld':el roeket. The flight to an 
allilutle f)i ISl feel proved that Uiis type of 
rt)cket would perform as pretlieted. 
I3r. (iodtlartl launched the first' instrumented 
rocket on July 17. 1929. with a barometer, a 
thermometei'. and a small camera focused to 
record the instrument readings at maximum 
aftidide. ThiDu^b confimial impiox'ement, his 
rockets hy 1935 reached 7.o(M) fc^t .md speeds 
of over 7(M) uiph. By the late I9:)(>'s Dr. Gocl- 
tlard was rocoi^ni/ed as prt)hablv the world's 
most h))ru)ost rocket scit 'itist. 

9) .\fter World War 11. the fuited States experi- 
mented witit (apfured (\rhian \*-2 rockets to 
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iulviUKf its kiiowli'ilgo c)t li(iiiid rocket' tech- 
iiolouy. On Kfl)nMr\ 29. 1949. I nitctl States 
i'X|HTinu'iiliTs iit White Saiuls. New Mexieo. 
liunu'hed a X-'l with an Anieriean-ilevelopetl 
\\*A( '-Corporal siHond staue to a reeord 244- 
niile allitnde. '\'\\v Aerohee and \'iking soimd- 
inn roekets were also ilevekiped for high 
allitnde seientifie experiments. The post-war 
development ot missiles proihut'd several types 
thai ((^nld he adapted to spare missions. 
Among these wen* jnpilei". 'I'hor. Atlas, and 
Redstone. 

10) B\ 1955. the I iiiti-d States and the Soviet 
I nion hail initiali"d progranjs to launch satel- 
lites for the International CK'0[)h\'sicai Year 
(l('»V' to take plate from July 1957 dirough 
Deremhrr !95S. In the IGV, the workVs sci- 
enti>ls toopi-rated to learn more about the 
earth. Mm, and solu-lerri"strial ri'lationships. 

if ' On 0< (i)|)i'r ■{. 1957. f!ir So\iet rnion launched 
t]»e W()rld*s firNt artifitial satellite. Sputnik I, 
i ito orhit. On January 195S, the United 
States lannthed its lir>t satellite. Explorer I. 
And the sjiaee A\ic had started. 



SAIELLriFS AND SlUCK PROBES 

*1 hen- are three main t\ pes o{ sat^dlites: scientific, 
ajiphcation. ajnl unn)anued lunar and interplani'tary 
Sp;ae prohes, sinli a> souudiuLi rockets, are not satel- 
lites iKtaiiNf fhe\ do not attain earth orhit. however, 
thev ate included here since they usually carry on- 
hn.uLl experiments whith jxirallel those foimd on 
satellites. 

Scientific* Satolliles 

'I'hese satellites aic designed to gather scientific 
data ahont such thini^s as tosnnc rays, air density, 
meteoroids. radiation fields, temperatures, and other 
information ahonl the earth's upper atmosphere and 
outer space. 

KXPLOREHS-Explorer 1, launched February 1 
1958. was this nation's first satellite. This series com- 
prises the largest group of satellites in the United 
States program. Explorer 1 made one of the most sig- 
nificant t ontrihutions to tlie Space .\ge when its data 
confirmeil the existence of the previously theorized 
\'an Allen Hadiation Region. 

V.-WCilWUD—Projeet \*am;uard was inaugurated 
as p/art of the American pujgram for the ICY. Van- 
guard had more than its shan* of problems. The 
iauiu h vehiek' -also known as Wmguard -had not 
be<*ti perfected prior to the start of the proi];ram and 
oiten blew up oe. the pad or shortly after liftoff. The 
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first snccessfid \*anguard (1) weighed three pounds 
and went into orbit on March 17, 1958. Data from 
\*anguard I showed that the* eartb was slightly {X'ar 
shaped and provided information on the composition 
of the upper atmosphere. It transmitted radio sig- 
nals from a 2,(K)() mili» orbit for more than six years. 
Though silent today. Wmguanl I will continue to orbit 
the earth e\'er\ VW minutes for an estimated 2(K> 
\ears. making it th(» oklest satellite in orbit'. 

\'anguard II. a i2()-pounil ile\iee designed to ex- 
amine NN'eafher ((Hiditions. uas launched on February 
17, 1959. The last of the series. \'anguard III. v/as 
r»rbiteil September IS, 1959 and mapped the earth's 
m.iunetic field. .Although plauued by failure this 
pioneerim: effort set the stage for future satellite 
reseai'.h anil ile\"elopment. 

OAO-The Orbiting .Vstronomical Observatory car- 
rier a teIeseo[ie to \ iew th(» universe' unhampered by 
the earth's atuios])here. The 360()-pouiul satellite mea- 
sures 9 feet liigh by 10 feet wide. 

OSO-AOSO- The Orbiting Solar Observatory 
weighs 54(1 pounds anil permits study of the sun and 
its aitivity fiom a \ uitage point above our ha/y atmo- 
Nphere. Two OSO satellites launched March 7, 1962 
and l*\ bruar\ .">, 19()5 provided data about solar X-ray 
and gamma ra\s as well as solar flare activity. Tbe 
Advanced Orbiting Solar ObsiTvatory is a more re- 
liued version of the OSO and will continue the pro- 
uram of Liatliering information about tbe sur. 

/ 

OCO—Tbe first Orbiting Geophysical Obiervatory 
was launched Septendiyr 4, 1964 and discovered that 
the solar wind makes /up a large percentage of the 
\*an .Mien radiation Ivelts. .Vil on-board experiments 
are related to the gathering of tlata about the e 
mental coniliti{)ns of the upper atmosphere and ou'er 
space. 

IMP— The Interplanetary Monitoriag • 'la'^i: r- ns, 
sometimes calieil the Interplanetary ExpIo c.*r Sa :el- 
lites, provide data on radiation and i.iagn tie E» ics 
between the earth and moon. Tbe first of 'c c!^ 
se\en, named Explorer Will and laun-rhec A--rn 
ber 26. U>63. discoveretl a high-energy ":irlii ',ii . re;, 
beyond the \'an .\Hen belt. 

PE(r.\Sl*S -The IVi^asus series of s. \> 'htes gath- 
ered information on the* number and si/*' :: mets^r- 
olds in near-earth orbit, data vital for iiie design of 
m<miied spacecraft. 
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I)ISC()\"I':KKK I'Imm {hoM-li A iiiiIilaiA N.itrllit*' 
|M •'.'.! ,uii. r |^ iMiiiti()iK'il luir brrailSr tln'\" 

lil\f pi v.iiiiiMlr il.iLi .i]»'>iil iMtli.Uioii. iiirlnu"- 

<»i.U. .liT IiUnJ^ .t:iJ .t' 'I . )Nj Ml f iiic^hi lur. \ iii.ijoi 
■ ' 'lit : .])!it !■ <ii el thf p: '^U'li tlif i K'Ncli »pi i ii -lit ol 

f'li' It 1. 1 .! i( t'lr in; ! .ii: ii'i pi\ti\ or >ra rt't»»\t'ry 
•i pa. k.iJfN ^rn' l:i :n .iii ')!lii!iir-I >.ifi llitc ti) rartli. 

|)lM.>\rl«T 1 I.ltilK }i< vi I'l'hni.i! \ 2S. WMs till 

!i!Nt I . !>. N.ifi-liiti- M :.t .1 inil.ii" (iiliit. Disi i»\"crrr 

\ \ Jr!lH"l|N*I (trJ t'- til. his! lli.tt a li ■ 1 1 i M I i 1 

^,t!t MUc .till! !)• r« 1 1\ I'l ! m miuI.u'i. Ictt 
t ' •>;nj)|>)ii v! .'-I \ii'^iisf !n lV<hn wlirii .1 '^00 puiiml 
V ipN'ilr '•;<•-. I'd tioiii >jti !ii(f vl( ■^t■^IK!l■^l jiaia- 
« {>• ,iit a!M*;nli- .); S.(M)(I |i r! wln-n- it wms [u\k<'d 

'ip 1)\ f ( ." II'* "!•'!> ill,: I^'M ii" in\ iM(t. I'lii" Dis- 
I'A.it-r pr"::.uii aI^u j mai'if ta> '"i in t<'>tiiiu 

.ml p. ii'. t}t( \_:- n.i ituki'l whivli \\a> to hr- 
i<>:ii (111 ; : 'ipp« y ^ta.:i' t*'r .i niiinhi'i" of >p,uf 

liOCKiris (.riii-ralU >p.\ik:iiU tlir 
^ Hinviiii ; I.). ki !> .III' i!r>iL:iii ii to .iKain tiltittuK'N ol 
-ihont l.niin niiK ^ ri tni'M (lata !)\ Irlrinrtiy or 

i.ip^i;!.- r-.-. ; i\ t i\ . riioM' ilfsi'^iH>l loi- lowcj- ,^lti^lKlr^ 
ru.iy in\ '^tl^.t(^' "^^opliv siral pii ip.. itio oi ^lu- raitir.s 

rp]>i'r .itiuo>pli( -ri All tiiiM' >oiiiiJi:i^ I■|>L■k('t^ ar«' tlr- 
-JUiinl t > i)r<iln' .t i< '-:inn .'i 'Ih jtmosplu'ii' too 

;"\\ t'-i- N.iti ll:*' ^ ami T 'o lii^li iof ha!Ii>oM>; to rt'at li. 

\:im:!|. I ^.^lll^i' .(lit li N> kiiowii pi.r[)o^f ol mimjuI- 

1!!'^ :-",k*tN is to HiL^lit tfst in^tiiiint'iits iiiti'iuli'ti for 
iuhnt' liM- It! N i{rllit< >. 

A{»|»lirali<nis Salrllilrs 

Np ii i- t<'i liiii >!i is Ix iii'^ j)nt to iinnitnliati' in 
t\\** A.>\- i^ 'M \<lt iilil\ Awd ULikr wivirlv known 

Mil- nt \\ p' j» I'sst ^ .niJ ti't. liiiKpi' ^ liaW' iN vcl- 

opt ii ir.'in tli" ^]^K■l■ j)roL:raiii lliat tan >tiniiiLiti' rrc- 
ition .v! O' ' i'hl•;^tri.ll pro^.■^'s^^^. nu'thoils. an-l 
prnjuvls uIiIvIj .al l ni \'. ( 1 1 n i' 1 1 ^ion^ t() r\rr\(l.i\" liv - 
ing. \!H'th"'i iIl^l)l\ t ^ tin il<'\ rlnpiMcnt (^1 satcllitr 
s\ Nlt'HiN I'l ai'l >u(li .(ii .(s .js \\i Mllii'i" \nv> (.Msliim. roin- 
niMui itiiMiN. (iiil iia\ i'^ition. 

COMMl NIC \ riONs S\rKllITl^ 11),. jv uv 
p.l^^l^t• .iiiil ai!i\i' i « in i : 1 1 1 in ir.i 1 1< i;is s.i'i'llitcs tlif lor- 
Mii r It ll<"( t ^^^llal^. tin' l.itti i- fr.tn^Illi{ ra<lio and/ni' 
ti'li'vision ^l■;na!^. 

I'K'IK) lln- firvt pa^^i\^ i > in minnii .it ions N.irrlliti- 
was ^''i Im I uliivli \v,is >i l oUf Italloon. (t was 

lann. Iit il on \ii'iii>t \1 MJf)!) \'<»i(c jnd Lrinlo Iclr- 
\ i>i<in >i^n iK w itc liuniiv rd ii.mj the KK) loot halloon 
tr<»ni MjH- point on Ui,- iMrlh to .njothi*?-. Mrho 11. 
laniii licil into .i j)ol.ir oihil on j.oiiLir\ 25. IOf> 1. ton- 
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rlndfil till' M'rir>. Holli wnr xiNihli- to llu' nakril I'Vi' 
.IN tlir\ 1)1 hitrd the rai tli. 

()\\\\ \ltlii iii'ili not an ailiijl ( oiiiiniinications 
^.^^^■!llt(•. I'loh'^t Sroif rrla\ad tlir lirsf vnirv Iroiii 
Miili r spaii' twit \i'ars hrloii" ICrlu) I was laiiiK'iK'il. 
\ tapr ii r-oidr; nn'i liaiiisiii .itop .an Atlas 1(!HM in 
< artli orltit ! la ll^^li t tn 1 Pi'csidriit ICisrnliowi'r "s (!lirist- 

'^rrrtin'j;s to tin- wmKl in Drtrmhrv U)5S. 

I i:LSr\K-C ()U;il-:i^ Trlsl.ir l rrlayrd tik' first 
ti li'ia>t Ironi thr I nil' d Slates to l'air()[)c altor hcini; 
lionulK'd on July 10. 1W()2. It was also the first 
inNtantaii('oiis-it'la\ t oniniiiiM\ alions satellite. '! lu' ox- 
pi.'iinu'iit j)ro\a'd liiirldy siutcssi iil tor seven in<uiths 
w iji ii it w>is sikaucd \)y radiation from the \*an Allen 
l»eh. On May 7. I'ielio II was lannehed into ii 

liiLilier orhit to .ismhc niiniinnin eontaet' with the 
i.id:.iti*'n iruion. Tlie teeliiiiiine nsed by Telstar was 
pi ileeted twvi \tMrs J)re\ii)iis by the .\riiiy*s Coiiricr 
(. I iiiinini)iealit)ns s.it''l!i!e. 

IUd-\^ An .nti\ e-repeater ^,ltelli^l■ like Telstar. 
lieki\ I w.is laiinelied on Di .rniher 1). hJ()2, and 
ijiiied the tell-east of PiiNident Keinied\*s sii^iiing a 
inakiiiu Sir V\'instoii ('liiireliill the first liononirx" 
I . S. (.iti/eii. 'I he seeond and final lU'lay satellite 
w.is lannelied on jannai' 21. <nid ])ro\i(led tlie 

Iii nI euiniiiiniic atioiis satrllile link hetwetMi the I'. S. 
.Old j.ip.iM. it also ijiiied eo\era'-:i' ol I'resideiit 
Kennedy's trij) to I'Jimpc in Hjn.) the funeral of 
I'npe John Will. Aih\ the eln (ion ol Tope Paul VI. 
Moth we/e low .iltitnde satellites orhitint^ at about 
l.iHK) miles above the earth. 

SVN(*( — Alter bein!4 injected into a s\ nehronous 
e.nlb orbit on l-'ebrnaiy 11. UKiv S\neo!n I failed to 
opeiiite dm- fi) (del ti it al ( r)mpli( atioiis. Synehronoiis 
sati'llites orbit at .inv .iltitnde of 22.(K)() miles in time 
with earth's lotalion. enabling tlie insVrnnKMit 

jiaikaur to iiMiLiin rtdatiwdy statir>nary. With this 
^\^t(■nl as tew .Is tbii'o satellites eonid piovide com- 
pn-tr ■j;lob.jl l uX i i.ii^e 'j 111' M-eontl laiineli. Jidy 26. 
DC).), was siiitessitil .mil Syneoni II carried the first 
|j\i* teleplioii;' eall \ia satellite between President 
Kt niK'ily. in W'ashinLMon: I N Seeretar\- 1* Thant. in 
\ew ^ork; and Ni^eiian I'lwne Ministei" Halewa. 
>])i-.tkin^ from his Alriean n ifion aeross the Atlantie. 
l*'oiir months latei- the s.inie ^af^dlite carried tin- pro- 
icrilin'-is i>l Presitlrjii Ki'niiedys Imieial to I'airojH*. 
S \ iKoni III w\u laim. bed on Vie^iist PJ l^Jfil. and 
!el.i\"'d I lie ()l\iiij)i( lines Iroiii Japan to the I . S. 

K\HPV HIP!) Opriatid by COMSA'l (Coinnm- 
nii.ilions S.ilellite ( !or]>ovat ion \ . whieh is owned 
iMpi.dK b\ the piiblie and the (nminon eairiers. Early 



Bird tail at'coinmotlalc 240 trans-Atlantic telephont' 
coMwrsalions or a simple IcIcA'ision transmission. This 
is tlu* first coninu'rcialK (uvnrd connnnnications sat- 
c\\\\c anil it was orbited April (). H)()5. Its first public 
tcliAision dnnonstration wms \\M on May 2. 1965, 
and comniiMtial scrvici* bi'ii»ni on }\\nc 28, 1965. 

LI£S-11u* Lincoln Kxpcrinicntal Satellite tests 
rcjnipnienl aiul leehnitpies \vhi( h may he adapted 
tor DepartnuMit of Defense eonimunieations .satellites. 
Huill by the Massaehnsetts histitute of Technology's 
Lincoln Laboratory LKS is carried us a "bonns" pay- 
load aboaril the Titan Ill-C booster whose third stage 
has >tart. stop, and restart capabilities which permit 
chans;es in orbital altiliule. (Tiu»se satellites orbit 
from LT(M) to ^'.(HM) miles abovi* the earth.) Two of 
these satelliti'> were launched on February IL 1^)65, 
and Mtiy 6. i mkI. respeetivels'. 

The MIT satelhle transmits voice communications 
while a separate LCS (Lincoln Calil)rati{)n Sphere), 
orbited with Lt^S H. is being used to calibrate radio 
astron(nn\* measurements. 

TIHOS-The Television Infrared Observation Sat- 
ellite program has saved countless lives and millions 
of dollars' property damage through advanced warn- 
ings of hurricanes and other weather disturbances. 
Tiros Satellites now provide almost global coverage 
of weather eondiM(^ns as compared to the coverage of 
about 25 per cent of the earths surface at the start 
of the program. The first Tiros satellite was laimched 
April L U)6i). Since then. Tiros I and the subsequent 
satellites have proven to be the most eflPective storm 
detection system known. 

In addition to contributing significantly to the dis- 
covery and tracking of hurricanes and other weather 
phenomena. Tiros satellites are providing valuable 
data for meteorological research which may eventu- 
ally lead to long-range weather forecasts and perhaps 
greater understanding of how hurricanes and other 
destructive storms breed and how their development 
may be curbed. Tiros photographs are also proving 
useful in geology and geography, in showing the mag- 
nitude of river and sea ice, and in furnishing informa- 
tion on snowcover for use in predicting the extent of 
spring floods. 

NLNf BUS— Advanced e(|nipnicnt intended for use 
in future operulional weather satellites is tested in 
Nimbus which is a research and development project. 
Nimbus I was humchcd .\ugust 28. 1964, and was the 
first satellite to provide both day and night pictures 
of tlie earth. Cameras provided the day pictures 
while a high resolution infrared observation system 
enabled the night photographs to be taken. Nimbus 



II. launched May 15. H)66, contained e(iuipnicnt not 
oidy for provitling day ant! night' pictures of the 
earth ami its <.I(Mids but also for measuring the earth's 
hiMt bahuu i*. Heat lialaiiee refers to how much of the 
sun's raiiiatioM (he earth absorbs and how nnich it 
reflects back into the atmospliere. This was the first 
tinu* stu b information was obtainetl on a global basis. 
Stuth of luMt bahuice ma\' provide data to increase 
<}(ir undvrstainlinii of how storms are bor/i, develop, 
tind die. 

TOS and ESS A - The work of NASA's research and 
tlevelopmeut program with meteorological satellites 
lias let! to the worUl's first operational weather satel- 
lite system, ealled TOS (for TIROS Operational Sat- 
ellited Financetl by the Weather Bureau, a part' of 
the Eu\ ironmental Science Services Administration of 
the United States Department of Commerce the sys- 
tem is furnishing weathermen with daily pictures of 
the weather over nearK* the entire earth. A TOS sat- 
ellite is named ESS.\ for Environmental Survey Sat« 
ellite. ESSA I was launched on February 3, 1966; 
ESSA II. on February 28, 1966; and ESSA HI. on 
October 2, 1966. 

ATS— The Applications Technology Satellite is de- 
signed to test promising techniques and equipment 
for use in future meteorologicah navigation, and com- 
munications satellite^ systems. 

TRANS IT~The Department of Defense experi- 
mental navigation satellite program ^A^^'^d TRANSIT 
is designed to leatl to a worldwide oper^ ional navi- 
gation-satellite system for American military ships. 
The operational system will position four satellites 
which will provitle accurate data for navigational 
fixes on the average of once every one and three- 
fourths hours. Ships will know their exact position on 
the earth regardless of weather or time of day. The 
first Transit satellite was launched April 13. 1960. 
Sever;d additional Transits were launched prior to 
JuK' 1964, when the system was declared operational. 

N.WTGATION AND AlA TRAFFIC CONTROL 
SATELLITE— NASA is studying a satellite system 
which would aid aircraft and ships in determining 
their exact locations regardless of weather. In opera- 
tion the ship or aircraft would radio a signal to ih-' 
satellite which would rehi\" it to the groimd. Cot-i- 
puters at the ground station utilizing the satellite as a 
reference point would calculate the position of the 
plane or ship and flash this information via the satel- 
lite to the ship or aircraft. The operation would take 
less than a second. 
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M DK*rS- NulKmi- Drlrction Satrllitos art' tltv 
niUuihI U\ drUHt nuui-in.idf luu kMr explosions dclo- 
natril in spatf and <liNtinL;iiis!i thrni Iroin natural 
plirnonu'na surli a.s solar ratlialion. Air T'oit't' dc 

Ni'Iops. lanntlics. and (initrols Nl DMTS in c'(Wjp(Mi»- 
ti»)n Willi du' I )fpaitnic'nl ol ni'lriisr and '.1k' Atomic 
I-ijion^y ( 'onnuission. Neutron iind ( «annna radiation 
drtoi tdrs aro scnsitivr rnouuh to dotoct a nnclcMr tost 
rondiulcd inoro than ton niillion nn'Ios out in sparo. 

( iiiiiaiiiHMl l.iiii.ii* and liitt'rplaii4*tiiry Sp;H*4*rraft 

With lh(' I AorjMioii oi nianiiod landin'j;s. nnniannod 
nistrnnionti d ^p iimalt iiro the host moans ol oh- 
tai!iin'4 intcrnMtmn ihont tin- moon and othor plan- 
I'N. llu' iuir« MM'd kiiowU^i^o o\)tainotl l'vo!n thoso 
tn. iiannrd prohts K'd tlio xwu lor mamiod Innar 
!andin<4s. 

LINAK OiWiril-lH laniar Orhitor I. lannoliod 
Vn^nst 10. was tlio lirst ol a sories of spaoo- 

i ralt dcsi^nt'tl to orhit tho moon and lotnr i closonp 
piitnrcs and otln-r inh>nnation .iliont tho oa "tli's oidy 
uafmal >.itcllit('. Lnnar Orhitor II. lannoho( \ovom- 
hrr hiOf). ionlinn(Hl tho stnily ot tho moon 'n propa- 
ration hu tho maimod hmdini^. 

H \N( iKIi- Prioj- to tho inamud landini^s on the 
moon. Trojoc t iianut-r m.ulo tho ti;roatost sii ^lo ad- 
\ nuc in lunar know ltd lir >inoL» (»alilo{) first studied 
thr nio(Mi nioif than lliroo ronturios aijo. Han^or 
^parov jait lolooast (o cardi 17.255 oloso-nps of tho 
moon. l'*catnroN as small .is ten inches aoros.s on tho 
hm.ir snrt.Kc wi-rc \isil)lo to m.m for tlie fir;t tiino. 
As a niraiis jiI i-ompaiison. man c\m discc'rn hmar oh- 
jt'cts no sn)a]]<'r tlian a liah milo in si/o tlirouiili tlio 
hcst tolosoopos on rarth. Hani^ois X'lII thront^li IX. 
tho last ot tho Sfiios. hoi^an transmitting pictures 
when they wore onk 20 minutes away fr{)m tlio moon 
and continiiod to transmit until erashin.i; into the 
hmar surfaee. 

sr i{\'MV( )i{ - DosiLCiii'd to land on the moon. Sur- 
veyor (h'lt'leratos fiom a lunar iipproaeli velocity of 
fiOOO uiilrs per liour to a toudidown speed of 3 and 
oih'diall milt's jn-r hour. 1"he first laiulini^s were de- 
si<4nod to (I'st solt landini^ teelmi(pios. I'^uh earrit^l 
a simple seviuuiie^ television cameia. Their lei^s were 
inslrummte l to return infi)rniali{)n on the hardness 
of the moon's surface. Surveyor I soft-landed on the 
m -on's surl.Ko June 2. MJ(>/x and telecast thousands of 
el»)se-»ips o| its surromidim^s. 

^I\1{|\KM This sori<'s ol sjiacecraft is desiu^nec! 
to fly in tin- vitimties of Wdrs and \'enus and return 
information to e.utli. ()| tlie first four launched, two 
successfidly complotcd their missiou. On r3ece!nber 



I K U)62, Mariner II Hew to within 21.648 miles of 
\euus. ^;ivin!LC man his fir si relatively close- a p study 
i)\ die cloud-covered pi. met. CJontaet witli Mariner II, 
now in solar orhit, was lost on January 3. UKi3, when 
die craft was 53.^) million miles from t\irth. 

On July IK I9(v). Ma.iner IV sent hack die first 
Jose-up picluros ever tjken of another planet as it 
spi'd hy Mars at distances raniiing from 10.500 to 
7 100 miles. It actually vanie as close at 6,118 miles 
f » Mars hut took no pic tures as it was on the night 
>.:de. 1 iiterplauetarv- dat^; was received from Mariner 
1\" until Octohoi 1, UKio. when the spacecraft was 
ahout UJl million mi'es from the earth. Attempts 
h.ivo hroii iiKide to track the craft as it orhits the sun. 
M.uiiKT 1\' tar i*\i-eeih'd desiirn expectations and es- 
t.iiflislied lu'vv records I -r space communications. The 
ii^ilowuii; information .vas provided bv Mariners II 
.md 1\": 

1 ■ The solar wind consistinii; of vcm'v hot electrified 

Uasc's. rushes c»onstantlv- from the sun's turbulent 
s m l ace. 

2 I The ileiisitv', velocity, and temperature of the 

wind fluc tuate with the solar cycle. 

) I Solar flares ijicrease the magnitude of the wind. 

\ ' 'I he wind influences the amount of cosmic radi- 
ation in interplanetary space. 

~) ' liitfiplanetary magnetic fields vary directly with 
the niaguitude of the solar wind. The wind 
modifies and distorts both the interplanetary 
and earth's niagnotic fields. The wind creates 
interplanetarv fields. 

(> Micronu^teoroids are far less numerous in inter- 
planetary space than around the earth. Hovv- 
lAcr. no eomparahle concentrations around 
Wnus and Mars are reported. 

7 ; Hi'liable ladio communication is possible be- 
tween the earth and spacecraft over interplane- 
f.irv distances. 

S ) Trac kin'4 data contributed to the refinement of 
the Astronomical Unit (AU) which is the dis- 
ta^ice from the earth to the snn. 

IMOM'IMH -Pioneer was the NASA cKvsignation of 
the first series of lon^-distanee spiieecraft. The most 
notable ol the early craft was Pioneer \', launched on 
Nhueh 1 1 . P)60. Hadio c-omnnun'cation was main- 
t.iine<l until June 26. U)60. when tlie spacecraft was 
.ibout 22 million nules from earth, a rcL'ord for the 
time. Pioneer \' is still in orhit aromul the sun. 

.\ new series of experiments was begun with 
Pioneer \*l on December 16. 1965. The series is 
desi<_jn( fl to monitor, (Vi a continuing basis, such 
j^heiiomeiia <is raihation. magnetic fields, and tbe 
solar wind. 
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\ ( )V.\(iKH -All atl\ .iiu i (l M i ji's (»l sp.iti'tr.ilt cilK il 
\"i>\.i^(r will stijiK M.ns liDjij ojhits .iiimjjhI thr \\ck\ 
I'l.iiirt .iliil iiniii iiisti iitm iiti il p.u k.iUi's laiuli'd oil its 
Miil.iic. 1 Ills |N tiji iiHist irk<iit 1)1 tin- iihiii.liiiicd 
spai t i t .ilt st'l jcs,. 

^!HK CIUM) lOl i; NAS\ pLiiis rail Inr tlir liist 
■■(ii.tiid I mui"' tt> tcikf pKu « ill 1^77 with an iniiuatiiu'd 
spa(<iuM \ isj(iii'4 Jtipifrr. .S.idnii and iMiito. Tlif trip 
wtHild talvc S'j \iais instead ol tlu- 10 \ rars it woiiKl 
takf to dim tl*. tu rlutn. Til,' sa\ in«; in limt' wtiiiltl 
ln' av k oniplishrd hy aiming liist jur jiipittT. w hosr 
fMojnnj'js •^rjNitatinu. il attr<u(inn will fline; llu' cralt 
luwaid ;lir in \t plain t at a uiratly incrcasi'd wdocil)". 
()ut«- r\( i\ 17') \< ais tin- plaui'ts arc lined up icla- 
ti\rly I [«isr .tnd ailing an art- w hich rnaljh's tlii' spatr 
hdliards '^anir to he pla\r<l. U lannt'lu'd iji Srptrni- 
luT lit l*)77, tlic sparcnalt wunM ri\u h Jnpitfr 1)\ 
l-"('l)rn.iry <i| h)7w. Satnm hy St-ptcmlxT i)t U)M). and 
rhito ill \larth oi HiSfv 

A scciind (hand Tonr woiiKl start in 1979. and 
wuiiKl jiiii tor JujiitiT. l ianns and Ni'ptinu'. Assinn- 
iinz a lainuli in Ni AfinlxT ol 1979. jiipitiT woidd hi* 
iraLlu'il h\ April HJSl. I ranns in July U)S5, and Nt'p- 
tinu- in Novi'ndii'f 19SS. mniiilrtinu tlu' nini* yt*ar 
trijr 

1 iu'sr pKuh'taiA ri)\iiiU robots will take pictiirrs. 
aiial\/«' the atniosph< 1 di'tciin inc ti'inprratini's. nu*a- 
Miii' laihatioiis and na^nitic- fii lds, and--in tin* rasr 
()t \Lirs-Iook tor r\. IciKc oi hit'. Startin'4 in 1971. 
Mariiu r sp, net rait ' '^aii tt) explore Mais aiul \ Cinis 
in greater detail. 

ma\m:i) sivvcf fapkokaiion 

Proliloiiis of Man in S|i:nr 

Snin- almost tin- Ix Liiniiiim oi ei\ili/atioii man ha.s 
lu eii las( iii.itt d l>\ th« thought oi spaee trawl. Not 
until this dt t-aile did !he dirani heeomc a realilw 

in ord< r that m.iii e an lixi- in spaee he mnst resoKi' 
i< rtani m.iior prol)lenis posi tl 1>\" the sj^aee eiiviron- 
ni< iit. ()nter spao' is .m ixtreinely hostile environ- 
nu ii( ii) s.(\ (:'{.• f( as(. /-It eatisc Uu-re is praidi a no 
atniospln re tlu ie is no dispersion ol li^ht and thi' 
(clesti.d li'ulit's sliiiir hri'^litly against a hiaek hat k- 
'^roiiiul. 1 lir i)i the Sim hakes one side oi the 

sp iiivi\tfl uhifi' fix' d ilk side iree/es in siih/.ero itdil. 

\h treroids are nnnierous in tlie near spaee iiroinul 
tlie earth. Sm.r* ones n\a\ )iit'ree tlie Imll ol a spaee- 
er.ilt or th<- nia' :ial oi a space suit, (.'osniii- radiation 
sf re. inline hom fh*- sim .ind oflier soinLCs in (he (mi- 
\"ersr presrtit a d.inu< 1 to Mian. It nia\ inodii\* iiuiti'- 
rials so ,is to int -ileif with ]iroper liiiietioiiin<i oi 
eqnipiii. jit and 4riii tares I Itras iolet and X-ra\ s, 
nnah>orhed h\ atMo>phrre. lan rapidh defmo- 



rate and deuiade materials. All these sonrees ol ladi- 
alion eaii he K thai !o man w ithout snitahle pjoteeticui 
I he \i'ry hiuh \ aeimni <)i sjiai i- i .m prculiiee iiinisiial 
ehanues III oitlnurN niateiiaU, lor example, tiirniiiiz 
riihher hrittli* ami welding toLietlier e<a-t<iiii sep^iralc 
items, ll eaii kill a man witii a dainaui'il span' suit 
in less tli.m \0 mh oiuls. 

y.t'Vi) <4 > Weightlessness > i-aiisc's li(piids to eniw l 
ai()iiL: the walls o{ tilt ir eonlaiiiers, e.nisin"^ prohli'ins 
in storaue and the piiiiipiin^ ol wati'r. liquid oxygen, 
and nitrogen ior labin atmosphere, and litjiiid pro- 
pellaiits. It iiiiist also hr known whether proloiitied 
(onditioiis oi weightlessness will upset delieate l)ii)- 
lo'4iral proii'sscs. impair the imietion oi \ital oi<j;aii>". 
.Old lia\e aii\ ad\ersf e(lrets upon man's eapvil)i!it'es 
ior p(aioriiiiirj; his mission in spaee. With le'latiM'ly 
slu)rt iiiulils that iia\e heen made to the moon nid 
h.iek tlu se ha\e wni j)ro\eii to he major jirohlems. 

Support oi hie in spaev' poses eertain prohleni. 
whieli hear a reseml )Ki i lei' to those oi suhniiirines de- 
siuiied for loinz siihiiier'^ed periods. '[\vs(s mnst he 
made to determine liow man will react to tlie isola- 
tion oi loinz spjLc lli^hts. S\steins mnst In' di*velopi'd 
to pnrii\ watei and ^lir for reuse, provide lood. .md 
Waste disposal. Studies are heiiii^ conducted to ik'- 
\elop ioinl which is conipait, li^litweiulit, nutritions, 
palatahle. and morale-siipp(utiii<^ while recinirinix 
neither lieatiiej, nor relri'^cratioii. 

Spate >./ji(s and spaeecraK ha.! to he de\('k)[)e<l 
that W(uild protect man irom tlu' lii^h x'acnnm, t'eni- 
peratnre extremes, small ineteorouls, r<idia(ioii, and 
other space ha/ards. 

The reason lor man in sj)ace is relatixely simple, 
no computer cm he promamined -o report on the 
niiknowii. The) can only I)e programmed to report 
on what we know or expect to fintl. Tht' jnchj;intMit 
and ohscrN atioii oi nian is needed to <iii<z;inent, inter- 
pret, and enrich the data izathcit'd hy instruments. It 
has also ])eeii shown that man increases tlu^ relial)ilit\* 
oi spacecrait. W'Ik ii antoiiiatie instruments malfunc- 
tioned the men in lontro] niaii.i'^cd to sa\e the sjiaec"- 
trait. then isei\ I's. and '^cui'ialK' the mis^icm. 

Projort Mrrniry 

This pioi leeriiiiZ ellort w.is orizani/ed on Oc toher 5< 
ii) orhit a m.miied spatecralt. invt'sli'^ate man's 
nihilities jiid icatlion to spate lliullt, and recover hoth 
ULOi aiul spacetiiitt. 1 his w a.s i^oject MerciiiA'. 

( )iie i)\ the (Hitcenii s di I'luji'c f \Iercmy was that 
i{ was slio\\n (hat the hi^h ',zra\ i(\ lorces of lanru h 
and reentiA and wei'^ht lessiiess in orhit ior as innc h 
as honis did not impair maii s ahility to control a 
spai ei iMit. It pt i)\ I'll llij' man not onK" anumeiits 
the reJiahiJity oi spat ct r.{ : I cMtrols ])ii( that he can 
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alsj) n)iuliu'l Ncii'titifif i'\ jiiMMiiuMiU aiul ohsnwitions 
th.it f\p.i!ul .iiul I'l.irily iiiloiiuation olitaiiu'il irotn 
jjishiiMinits. 

Mrrinry li.is mufirtm il tliat m.m i.ui cotisuini' fooil 
Im*\ ciMHo wliilr w ciiilitlcss. il thr\" AVr in siiitalilr 
umt.iiiMTs Mu li as N(jin i /c tnln s. 'l lu' projtu t aKo 
laul a (inn tcnnnlation inr tlu' technology of niannt'c! 
N[)arr (h^ht. 

riu' first Anu-riian roikrtt tl into spati* was Astro- 
nant Alan IV Slu-pard. Jr.. on \fay 5. hKSI. Atop a 
HiHUtnnr roikft l.nnulwil frnm Capi' ('anavi'ral [now 
tlic jolin V. Knnictly Sj)acr (amiIit^. I'Morida. his 
\lrnnr\ spaifMait riMihcil an altitniit' ot almost 115 
niilrs and a top spi'tul of av>pvo\i!\vitt'ly 5000 m\cs 
prr fi'^nr (hiring a snhorhit'al Hiiilil of sli<j;!it!y niorr 
than 15 niinnti s. Hciovcrv \N'a<* inaiU' ahont .'>02 inik's 
ilownranm' from thr (.'api'. 'i'hr first Anicrican to 
nrhit the I'iartli was Astron.tut jolni 11. (Ilciui. jr. 
Lannthiil h\- an .\tlas hoosiiM* his MiTcnry craft 
orhiti'il thf rarth tlnrr tinit's on l*\'hrnary 20, 1962. 
Dmini: tin' fli^iit his orhital altitnilr rain^cul from SO 
to 1 11 tniK's at a sj^i'ihI of ahont 17.500 miles per lionr. 

'ral)le 5.1 i^ivcs sonu' fVatnres of tlu'so and otluT 
Mi'rrnr\- fliulits. 



'llu' Ciiinini Troji'd (.'xIimuIihI tlu' ti'chncilogy and 
(.'xpcrii ni'c Liaincd throniih Projec t Mcrcnrv aiul >Mslly 
inc'icasi'd oni know lc ilur ahont spaci\ earth, and num. 
The last ol the scrii^. (leinini Xll, was eoin[>leleil on 
\(n'eml>er 15. 11)60. In aehie\'iniX all of its major ob- 
ji'ctives the project has demonstrateil diat man can: 

1 > Manenver the eraft in spaee. 

2) Leave the spaeeevaft. survive*, and do nseful 
work in spaee provided he is properly clothed 
and e(pn[)[)ed. 

0 I HiMide/vons ami iloek his eraft witli antUher ve- 

hicle in spaee. 

1 i I'nnetion efleeii\ely in spaee for a period of two 

weeks and it turn to earth in i^ood plusieal 
condition. 

5) ('onlrol thr spacecraft ilurini; its descent from 
orbit and lantl it within a selected area. 

Fliotoi:raphs of earth antl its cloud cover taken from 
the orhitini: (a-inini eraft have ]iro\ided a wealth of 
i nfcMin.it ion for oceano^ra)')]iers, nieteoro]()gists» geol- 
ogists, anil ^I'o^raphers. Medical data on the astro- 
nauts, taken hefoic. ilnrini:. and after the Gemini 
fliuhts has ad\aiued nu'dieal knowloduc* on how the 
human hod\- functions. 

Tahle 5.2 gives information on the Gemini Flights, 



i!i(:iiLK;Mrs ok M.\\M:n mkhcuuy kmciits 



.Astronaut 


Oafr 


rii^^ht 


Orhit.< 


Spacecraft 
Vame 


.Man B. 

Slu'paril. Jr. 


r>/.=s 61 


00:1.5:22 


StilMirhitnl 


I'Vfcdoni 7 


VirpI I. 
Grissoin 


7/21 '61 


00:1.5:37 


Stihorhital 


lahirty Bell ' 


John H. 
Clcnn. Jr. 


2 20 62 


0i:.=).=S:23 


3 


Frit'ndsliip 7 


M. Stott 
Carptmter 


.'21 '62 


01:. '6: 0.5 


3 


.Aurora 7 


WalttT M. 
Schirra. Jr. 


U» 3/62 


0<):13:11 


6 


Si^nia 7 


I,. Gordon 
Cooper. Jr. 


r> lo. ifi m 


31: 19:. 19 


22 


Faith 7 


Totals 




ri3:55:27 


31 





Honrs: Minntr<:S<'i niuls 
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MANNED C;KMINI 


KLKJHTS 






Tilots 


l)ato( s ) 


._. 

Flight 




( K'luini 


III 


(rri^som-Voiinfi 


Mar, 23, '65 


1)4:53:00 


( it'iuini 




NKDivitt-Whitc 


Jtme 3-7» '65 


97:56:11 


Cit'inini 


\' 


Coojior-Conrad 


AiiR. 21-29. '65 


190:56:01 


( 't'lnini 


VI 


St'hiira-Stafford 


Dec. 15-16, '65 


25:51:24 


( 'iMniiii 


VII 


Horinan-I.ovt'll 


Dec. 4-18, '65 


330:35:13 


( •t'ltiiiii 


VIII 


Annstroiitl-Scott 


Mar. 16. '66 


10:42:06 


( It'iiiiiii 


IX 


Sta (rr>i(i-Cornan 


Jimc 3-6, '66 


72:20:56 


C'.cinini 


X 


Yi)mii;-C()llins 


July 18-21, '66 


70:46:45 


(JtMiiini 


XI 


C()nrail-Cw)riii)n 


Sept, 12-15, '66 


71:17:08 


Clcinirii 


XII 


Lovi'll-AKlrin 


Nov. 11-15. '66 


94:34:30 



® Ili>iirs: MiuMtes-.SffDnds 



I'rojevl Apollo 

Tlif Apollo pnM4raiii is liic largest and most coni- 
pU'X ol juanianl spai t^ ili^Iit projci't.s. lis goals art* 
to la:ul astronauts on the siirlaLc* of tin* iiiooii antl 
lirmu tlit iii hark salt'K ami to establish the tcclinology 
to HK'i't other National intrrrsts in space. 

The .Apollo prr)urani eon.sistetl ot unniannetl fliuht.s. 
inannetl iliuhts in earth orhit, a Inn;ir orhital flij^hl a)ul 
linally. hniar lantlinu missions. 

'I'he first mannetl lamieh ot the Apollo prou;rani 
took plate on Septeniher -(>. UJ6S, .\stronaiiLs Walter 
.Sc hirra, I)t)n Misele. and Walter (ainnin^ham ' were 
phii i'd in earth orhit hy a Saturn IH rocket, .\pollo 7 
Nplaslulown tt)()k plate in tin- Atlantic, south ol Mer- 
nnitla. on Oetoher 22. l^JOS. tln' ei'ew heini^ pieketl 
up i)y the ('ariier Essrx. 

\pr)llo S was the first niaimetl flight ft)r the Saturn \' 
ini ket aiiil was lauut hed Det iMuher 21. Astro- 
nauts Frank Uorman. James l.oeell. and William An- 
\lerN orhitfd the nu)on ten linu's anil relurued to iMrth 
uu DettMuhi'r 27. IMOS. 

\lartli IWi. the Xpnilo nussiou he^an with the 
Saturn \" lilting .\stronants |anies Mi-Divitl, David 
S» oti. ;ui(I Hus>ell L. St liw l ic kart into eai th orbit lot' 
a ten mission. ( )ne ol the j)rincipal objet lives of 
tlir iiiL'Jit u.i> to test the lunar laiulin^ module in 
sjiacr. \t the sucit'ssiu! comnletiou ol" (he missir)n 
th* t.ip^uk' spl.ished down on Marih l->. lUCi^J. 

Xj-joilo 10 w.js an ('ii^lit day iuiNsion to eiu-ompass 
ali aNpf: ts (»1 an ac tual manuet! huiar laiulin^ eveept 
Ui>- laruha'j. L.tuneh took plat r . ii May !S. IfJ6fJ, and 
a iiouii t' 115-mil<' IvirMi p nki' . r>rbit was achieved. 
One ii;.; ()U( hall o'bits late 'ransdmiar injection 
)ciur'e.;. The trajeitoiy was so satisfaitorv that 
()n'\- one ot ionr siheduled nudcourse torreitions was 
n«'( (led. About 7f'i hnuis into the mission lun.ir-orbit 
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iusei tion oct urred at appro\iinalel\- 69 miles above 
the mt)t)n. On tht* 12th revoliititin Stafford and 
(leinan. in tlie lunar motlule. separatt»(l from the eom- 
mantl mothde ami achieved a new tirbit annnid the 
moon of ^J.7 by 70,5 miles sinndatinu; the Aptdlo 11 
hmar lamlinu mission. 

When the tleseent stai^e was jettistmed. in prepara- 
tion lor the rt^turn to the eonnnand module, an un- 
eontroHt tl gyration ol llie asctMit stage tieenrred. This 
w.is later attributed It) an erroi- in the fHu;ht plan 
cheeklist. result im^ in an inc(Mreet suit'eh position. 
The lunar mothde euteretl an intercept trajectory and 
acliievc'tl stationkeepin^ on the IHth lunar orbit. On 
the 'Ms\ lunar orbit the service propulsion system was 
it'staited while ou the back sitle of the niot^n and 
.\])ollo 10 uas on its way home. The 19:2 hour, 3 min- 
ute. 2-> second ili^ht; one minute 24 seconds longer 
tli.ui pLuuied. cudi'd with splashdown on May 26. 
1969. 

The histciric voyage of AjioUo 11 began wdth liftoff 
Irom the Keimedy Space C'enter at 9:32 a,nK July 16. 
1969. from Pad 39A. On schethde to within less than 
a second the trip to llie moon began, Thr primary 
objet tiv-e of .\pollo 11 was simjily stated: perforn) a 
manned lunar hmtling antl return to earth. This would 
complete the national goal set by President John l*\ 
Ki'imtdy on Nfay 25. 1961. when he stated, . ^ this 
Uiitiou siu)uld connuit itself to achieving the gf)al. 
bt'lofe dn's (ItHade is out, ol landing a man on the 
Moon uul relurnin'j: him saielv tti Isarth " 

Str.ippeil to their touches in the eonnnand module 
.dop the 36.)doot. 7.6 nn'llion-pound thrust Saturn \' 
rocket an* three asfrou.uits. each of them born in 
19.')9, each wcighini: 16.') p{)un(ls. all within an inch of 
the s<une hi'ight five feet. II inches. The ( ^onnuander 
is Neil A. Armsti(Mig. civilian and exdest jiilot; Coin- 



jii.iiul Mtiiliilf Pilot (.\illins. ami I.iin.ir Mdd- 

iilr I'IImI I'Mw ill Iv ( Ww/y. ^ Alili m. jr.. .ire both olfirfis 
< »1 Mic i s. \ir I'') )r( c. 

On 'l^nli Aniistri)!!'^ .mJ AMriii I'lilfinl ilir 

I.mi.ir in.iilr .i (iimI i lin k. .md al I : l(> p.m. 

. liH) li.)iir> aiul \1 iniiiiili'N itiln tlir lliiilil > tin- I'l.'^lf 
(UhKuk"tl .uul M'paiati'd troui (ioltimliui. ()iu' linm 
and 12 niinntf> latt-r, on llir I:)tli oiln! ot llir innon. 
\\ir Iniiar niodnlr dfM<iit rn^iiu- liird and llir 

junriuA to llic >ni"la< «' <»( the umumi ])r^.iiL 'I'lir l.indiiiu 
\\a> not an ras\ ntir. Sccin'^ tlial tlu-y air appro. irliiim 
.1 lai'^c I r.itrr. Arnislroti^ takes oM-r niannal rontrol 
an<l >ti'cr> llir ir.dt to .1 siuoollirr spot. lirarthrat 
ri>«"> h«'iM a noiin.d 77 to l.V>, W'lini tlirrr o| llic 

UK h j)ml»rs 1)1 tir.itli the fonr spai ci r.dt's (mir loot 
p.ids (mull tlir lunar siirlarc. Ila^ln'ni; a li'^lit on tin- 
instrnnirnt pain !. Xinistnm^ >liiits oil' tlu- Nlup\ ni^inr 
jiid Mic . r.ilt sr({I('N doufi \vi\]i a jolt aN he radio> 
\Ii>M<ui ( "Mntnil: '"l lic Ma^lr has laiulrd. 'rmii IhIow n 
'Ht nrri d at 1 . 1 S p.iii. about 1 1 III Iionrs and 13 nn'nntrN 
\u\.> tiir !li.:b{. )nl\ -H. I'USM. .It Mtr 1. .if l» li' !")" 
\. L.tt .ind '2 \ li^* \']. I .onu. nw the stuitliw rstcrn 
"•d'-V" ol tlir Sr. J ot *!*r.tii<piilit\-. 

XldiMi IfhiKMi^ out 0} llir window, rrports: ' W'l "11 
'^"'t to thr drt.liU aroiiiul lirrr. btit it looks likr a loj- 
Iri tioii of jiist .d»o!it r\rr\ v.tri( [\ ol sli.ipo. .jiimdari- 
tir^ .itul ^r.inrdaritir>, r\< ry v arirty ol rot k \ on l oiild 
''■id. llir \ ir\ ptft'\ ni'uli ilrpriidilr,: mh 

\ !.i(iki:i^ . riirir dor^ll 1 appear to l»r >> ' .■ 

:>l .1 '-Criirr.il (olttr al all; r. il looks a- aon^li 

^oiiic of flu- |■o^ k^ afii! boiiitlriN o| >• '> " !i tlicir arc 
qnitr A trvv ii\ the ikmi" .r- ( . ^oin^ to lia\i' 

s »nu- il itrr< st iir^ ro!tns ttt tlu'in 

III d^•^^ ribjn-_j fhr ^n^^l(r. Ijr ^.lid.■ pretty nmcli 
U'ltlioiit ( oI'»r. It s ^i.(\ ,ind it's .1 very wliite. eli.tlky 
^ra',". as \oii look into the zero pli.ise linr. and it's 
< oiisidrrabl\- d.ii kta" ^r.iy. more like aslieu ^lay as 
von !ouk nj> dri:r( to tlie snn. Sonir o| tlie 

^■:It ( <• OK ^^ i -)M \\i In Ir ill. if li,!\r brrii ll.n 'tilrd or 
distiirbrd ])\ tlir rocket eii^iiir .nr eo.ited witli this 
li'^ht ^r.iy on the on'side. hnt ubeii tlie\\-e been 
brok<'n fhrv <lisplay a <l.irk. \erv dark ijiay interior, 
.iin! it !o »ks like it roiild be country basalt.'* 

Tiirir first t.isk alter landini: uas to ]')repare tin' 
ship !'■' l.eeii hi;»'i ^ » !h r' .dl Witnld br in rr.idi ( -s 
|or llir .isei nt and rriidr/Aons with Columbia orbitini:; 

\Ion* dian five ln)nis ahr id ol" th<* (iriuinal stliednle. 
at It): iO p.m . Xmistioim oprns die hateh of the lunar 
niodiiK- .lud s(piee/es tliroiiLih thr oprnini^. Sfra)i)M'd 
to his baek is a port.ible litr Mipport .ind enninninii a- 
tioiK sy>tem wciuhiiii: SI pounds on Ivuth. 1 i pounds 
on (he Moon. Fie inn\-e> slowly down the 10 loot. 

o 
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niiu' step ladder. On ri'aeliinii the second step, \\c 
pnlls a **l)-riiiu." whieh deployed a telex'ision eainera 
so .irranuetl tli.it it will tiansmit to I^artb his proizress 
Irom tiiat point. He pauses on the last step to report: 
Till at the foot of the 'adder, The lAf footpads are 
only depresseil in the snrfaee ahont oiu' or two ituhes 
. . . the snrfaee appears to be \-ery. x'ery finet^raineil, 
as yon uet close it) it. it's almost liki' a jKnN'der. " .'\t 
p.m., about 1(H) hours and 42 niimites into the 
mission. Arnistioiiii puts his lelt foot on the moon as 
he aMnoiimcs: "Tluit's one small step lor a man, one 
Uiant leap lor mankind," 

This e\'ent' marked the lirst tinu' in history that 
ni.m has e\'er stepped on an\ thiiiH tluit has not existed 
on or oriuinated Irom the earth. The first jiriiit made 
by a man on the moon is tluil ol <i Imun* boot resiau- 
bliii"4 ^' ualosh. The soles are made ol silicon inbber 
iOid the I I layer sidewalis of <dnmini/ed plastic, 
Spceiall)- desij^ned <is a snjier insnlat'or. it also protects 
Irom abrasion. On earth it weijis four pounds, nine 
()iini-es: on the moon. 12 ounces. 

.\fter lov.erin'4 a Massidblad c*niHMM to .Armstrong, 
\ldrin emerms from the laniliiii^ eraft at 11:11 p.m. 
antl liac ks dow n tlu' ladder wliile his e<inipaiiion lakes 
photourajihs. .Xrmstroni: then trains a T\' camera on 
a small stainless steid j)la(pie on one ol tlie lei^s of the 
ship ainl reads; "Here men Iroiii the phnu't Kartli 
I' -* foot on the Moon, |nl\- l^fif) .\.0. We came in 
;a.iec f()r all mankind," Melow the inseiiption are 
the aunatnres of the Apollo cri'w and Pn^sident Nixon. 

Next till" first of tlni'c I'xpcriments is set np, Fiom 
.m outside slor.lUe compartment Alilrin removes a 
lootdoie^ tube containini: a roll ol alnmimnn foil 
inside o\ w hii h i.s a telescoped pole that i.s to hi' 
dri\cii into thr lunar siiif.iee. The toil is snspeniled 
from it, with the side marked "Snn" facing the Snn. 
lU luiutioa is to i.oll(\l ji.iititlis ol the "solar wind" 
which blows constantU- thron<j;h sjiaci* s i that tlu»y 
can be broiii^ht back aiul analyzed in tlic hopi* that 
the\' will pi()\idi' infornuition on how the Snn and 
pi.inet> Were Irrnied. \ thife h\' li\'e loot ii\'lon llau; 
of the I'm'tetl States is remo\'i'd from a lei^ of tlu* 
spav craft At 11:41 p.ni. Its top cdi^c is braeeil b\- 
a sprin<4 wiri' to keep it extended on tlu* windli'ss 
surface ol the Moon. The aslronants erect the Hat^ 
on a stall jiressrd into the Innar snrlaee. Taken to 
the Mooii cOw* two other I*. S. Ilaus wliieli will Ix* 
broimht back to fly o\-er the houses ol Con<4ress and 
die ilaus of du* oO states, the District of (lolMndiia and 
I'. S. Teriitoi'ies. the I'lii ted N.itions ami those of 
foreii^n c-onntries. 

.\t I 1 : 4S p.m. the astronauts received a message 
from l*resident Nixon sjveakini; from the Ov ' Room 
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at till* W'liitc IIoiisi*. At tlic r( UK lihioii oi []\c cou- 
\<'rs.ilion tlii'V s.iliitfd low.nd llic Iclcvisir)! i iMiui'ia. 

\ t 1 1 1 st 1 1 t|rj, IhUtltN I I illr* I ill .1 lull, II' I'tuks .i!nl soil 

U'liilr Ahlriii sets iij> tin- tud rciii.iiiiiiii: cxpi i iiiii'iits. 
^ .i scisiiiii" drvit t.' (t) fcroid iii(»)iiijii.iki»s. tiicU'ui ili' 
iiupiUt. or voKaiiir I'luptioii ami llic otlu'r .i laser 
rcHt'itor lo iiiaki" prci isc Iviitli-MDOti ilistaiin' mum- 
Mircmt'iits. Alter ilicikiii': with MisNiou ('oiilrol ti» 
make sure all eh-Tes lia\<' l)e»'ii e()iiipleteil, Alilrin 
starts hack up tlie ladilcr to reenter tlu' Lunar Mmliile 
at 12. I*) pin. \f l.t)M.ij!|. \|■|Il^lI(Ml^: rejonis Aldiin in 
tlit' laiuliim i ralt. Tlie Iiati li is elosrd at 1:11 and tlu'\- 
Ix'^in rcmnxin^ the life snj)j)()rt s\sh'nis on whith 
ihfv h.i\i' dependeil lor iw) hours and 17 niinnte.s. 

\ller .1 Niei p pel" nd i)| ahonl s{'\en Iimnx. .hkI allt'r 
t total liin.- nn tlir siirt.u e ui tlu- monn i>i 21 lionrs and 
«f> nnnnti N. tin ,ism ii( i nuiiie is lired \ 1:.")1 p.ni. jnly 
-I >. 'I'he lamar MtKhde. nsinn the di'seent stam' as 
a lantuhinu p id. le.tvcs the simI.kc ot the \Iiion 
to return and tloi k w ith (.'olnnihia at p.m. 
v. hdi' t ir< liui: the hai k side o} the moon. The 
doekiiii: tii:*k plan' on tlie 27th orhit of iLe Moon 
!)>* the ('ommand Modulo and I2S hours and thii'e 
minutes into tlu* mission. I'\>ur hours later the l.un.u* 
Module was jettis(>ned and at I2:5f) a.m. the Si'rviii' 
Tropidsioii System was firoil whilo the C.'onunand Sor- 
\'kr Modale was ludnnd the Moon, in it's 5Uth hour 
"I hmar orhit. .\polIo II is on its way honu* and the 
aNtronants sK't'p lor ahout 10 hours. 

'I he Moon erew si)lashes down ahoiit 1*^ miles from 
th • I' S.S. H( met at i::.")!. jid> Jl. IW(i^). 

S(» ends nhm's first mission ti> tlu' Moou. It lasted 
1^)5 Imnrs. IS minutes and •v'S seeonds. or a litlli* more 
than eiiilit da\s. The entire nnssion lasted almost 
minutes longer than plamu'd and was eonsideri'il tlu* 
most tro?il)le free mission to date. .\ snicess in every 
resjH'ct. 

A|Hillo 12 

As tlu' tinu^ approaehed lor tlu' lift-oll of .Apollo 12 
a low j)vereast moved in and rain he^cUi to fall. When 
a seareh pi. me repoiteil that there was no li^htnim: 
\'.i*lnn 20 miles o} the pad the deiisi ii was ni.ali' to 
l.mth h nn Iirdnle. \\ \ \ :22 a m.. Nnvenih. r I I 
HKiO. the uiant S.itmii \' rnekel left for tin* seeond trip 
to land nu'n on the Mo(ui. 'Ihirty-six seconds and 
a«:ain at ">2 seenmls alter lift-oll the \-ehi( le was strnc k 
!)>■ liuhtnini:. I'or a lew heart^toppini: si*eonds tele- 
n:eMy ie.isi d .nid (hen <li (ails stai'ted to (onu' hai k 
Iroin the (.'onnnand Module. The vital iiu-rtial plat- 
li)rni. heart of the sp.uecraft i:m'danit' system, was 
lost as ,dl t ir. iiit hi'eakers and o\i'rload detectors 
Were trin^ered into an autoni.itie diseonneet. This 



dropped the entire load on the haekup l).dler\- s\ slem. 
Within thi'ee nn'nutes the erew had elosed all the 
4 ireuil hreakeis and o\-erl(»ad detectors. .Ml lirenits 
wi're hack in operation and the lucl cells were auain 
oiehne. ihe all-Navy crew of .Apollo 12 had estaped 
disaster. Mission connnander Oharlcs (!onrad. coni- 
m.ind nuulule pilot (Yankee Clipper) I^ichard V. 
(iordou. and lunar luodnle pilot (Intrepid) .Man I'*. 
Mean were on their \\a\ to the Moon. The course 
nf Aprllo 12 was a departure from that followed hv 
all pre\ions manned lunar missions. The three prior 
nii^^i;ins h id llou n a lr< c relnrn tra)i'( tor\ so that 
il the spacecraft failed to achieve a lunar orhit it 
would loop around the Moou ami return to Karth. 
I'he location of the landini: site in the Ocean of 
Stornjs made a free return trajector\- impossihle. 

Mean and C.'onrail land on the snrhui- of the Moon 
in the Lunar Module Intrepiil on Novcinher 19, at 
Lol p.m. Diuinu the l.uuliim, ('our.ul manii)nlaled 
the onhoaid computer to correct for errors which 
would have laiuh-il the i raft five miles north of its 
t.u'-iet. A piecisiou landim: was made jirst (iOO feet 
Irom Surve\-or o (an unuKumeil spaci^craft which 
l.uided on the nu)ou in April. ) in the Ocean of 

St*>rnis al 11' ol" S. L.it. and 2o 2"/ 7.5" W. 
Lon^.. ahont 120 leet northeast of Head Crater. This 
site was ahout ^.'50 miles west of where .Apollo I I had 
landed. 

A niaior ol))ecti\c ol Apollo 12 was to deploy the 
Apollo Lunar Service Kxperinu'nts Package (.AI,SE1M 
u hit h consisted (^f a ma«:ni'tonu'ter. scisniometi^r. lunar 
afmosphcu' detector and a SXAL 27 nuclear power 
m-nerator. Conrad was the third man to walk on the 
Moon with Mean foIl(>win<: shortly after. In tlu'ir first 
hmar exploration Conrad spi'nl Ihri'i' hours :]\) mimiles 
outside Intrepid while Mean loi;i;i'(l two hours 58 
unnntes. As interested \\ viiwers watched, Mi*an 
tried to nu)unt tlu* T\' camera on a tripod ami in- 
advertently pointed it at the Sun. It ceased to fmu'tif)n 
auil .IS one reportci- put it "Never have so manv 
wati lied so few to see so little." 

.After a five hour sleep .mil.'a coiderence with Hous- 
ton the\- Were ready io rctcm to the lunar snrhice. 
A loni: travi'rse was plamud lor the secoiul Moon 
walk. It was on this walk that they salvaged pietcs 
i»l tuhinii. cahle. trcuchim: scoop and the canu'ra 
tronj Survevor .The seiond" Moon walk lasted three 
hunrs and minutes. 

\l(cr .1 folal oi (> h.r is on tlu* Moon, the l.nn.n* 
Modide ascent st.(iie \\ .is lired and the Intrepid docke<l 
w ifii the Yankee (dipper thrive aiul one lulf hours 
l.iler. In prior Imi.ir !uissinns the Lnn.u' ModuN* w.is 
iettisoued jml placed into an orhit whit h woidd pre 
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V(»nt its iulcrfVrtMKt' with lulling ini-sions. This time 
Intri'piil \v«)iiUl hi' si'iil from oihil to iinpiiLl on thi^ 
Mddii. 'Vravtlini; at ahoiit 5.(HH) mph, the 5,500 Ih. 
t l^.irtli wiMiiht ^ i ialt stnuk tlir Moon ahont 15 milfs 
Irnni ihr ALSKP srisinonu'lrr. The toriM* of j/npatl 
was ahoiit :)(M)()(MM)0 footpoumls. On Kaitli such an 
I'Vi'iit wouKl rt'iiistcr a minor tr<Min)r for porha]-)s tAvo 
miiiiiti's. The shock waVrs registered on lunar 
s('isfn<»Mic(er Inr ."5 n linrWt-s. IwiiKhiiiz up io a ]')eak 
at the luiiuiti' mark and thru slt)\\ly dccliinni:. 

1 111' ri'suh astoiinvlt'd die i:ropli\ sii isls a> tht- phruon:- 
enon was (.•omplrtidy outside an\' Karth experience. 

ninins; the loth revohition, alter S9 hours of lunar 
orhit i)y tlh' Command Serxiie Mi)dule, and while 
on the iar side t)t the \Ioiin, the Serviee Propulsion 
System iiiuited to plaie Apollo 12 into a tians-earth 
lran't[or\. 'Ihi- return fliiiht was MneventlMl e\ee])t 
lor the view of (he Martli's eclijise of the sjm. The 
(iomm.md \h)did«' hit tin- water- .■V5 miles from the 
prime reeovery ship Hornet .it '):5S pan.. Xt)veniher 
'2\, The total ili'Jit tiine was lU hours 36 

mimite> -5 seeonds-f)2 seecnuls l(MU^er th.ui jilaimed. 

Apollo \A 

At 2:13 pan.. Saturday. April 11, 1970, Apollo 13 
and its erew ( Janu's A. l.owU. (!onunander: Fri'd \\*. 
ff.uVse. Jr.. (.omm.inil Module ril»)t; and John L. 
Swiiiert. C.'nnnnand Nhxhile J'ilot ^ were launched 
Irom Kennedy Sp.ue ('enter. 'I'hi- jMematme eut-oll 
o| one ol the second st.i<4r engines had to he e«)m- 
pensalrd lor hy louder hums »>! the remaining engines 
and fli< ('fe^MK* o| (he llwnl st,e^«'. lvu(h (uhit was 
a.hn \rd .i! 2 li^ p.m. with no huther diilic ully. 

1 hf l.uid.ur.: sill- ot Apol'd \ \ WAS to he ditlrreiit 
ih.m th.U »>t \i>4)lio 11 and 12 in that it was to be 
i:i die rnz'-'ed. (eji.nn o| (he l''r.i \l.uno region 

oi the Moon. i^M-.nise ol (}ie Io( .ition ol" the site the 
eours4' n| the sji.ieeei .i 1 1 h.id to jollow a no "t riM' 
return" tr.deetorx' that w.is (iist llown on the .\pollo 
mission. 

Ill*- .Mijfsf n\ \})/iI1m I ) so <'\a> ( (h.{( a sehed- 

nieil i»)nrse eorri'etioii w.is iMUit lled. Al S:.5l j).ni.. 
Sunday, .i c-ours4' ih.m^r w.is aieomjdished wliiih 
rer»)ul4'tl the er.ilt to swftp within 70 miles ol the 
Moon rafher than (he lo") mile .dtitude o|" the earlier 
eours*'. Th;- ih.iir^e wntild put tin- l.nn.U' Module 
Atpi.uuis in \\\r proper )>v>silinn \{H tln' desiri'd lau<Hmi 
Nite .Old .d^o UH-anl that (lu x lost the li»'e reluiu )i 
dieir i^rtA ious tr.ijeilory .md » o;d<i ordv it'turu to 
I'.ailh l>y making an<ttlur roursr (r)rje(tion. 

M'Mid.iy cN^-uiuL: at ^):l.5 p.m. I,o\»'ll and liaise left 
(.onimaiid Nhululi' Odysst-y .md eulere<l \(piariiis 
lor the first (iuM-. Mission ( Control .isk«'d them to 



eheek a helium tank that had showji a slightly high 
pressure on the launch pad. l.nvell foinul tliat the 
pressure in the tank was showing a normal rise. 

The two spent ahont an hour inside the Lunar 
Moihde telecasting their activities to Earth. Haise 
was still in the lAl, I.ovell in the tmmel between 
Aipiarius and Odyssey holding a camera and making 
his wa\' between the T\' wires, and Swigert was in 
Odyssey. Suddenly they were startled hy a loud 
bang. At first, Lovell and Swigert thouglit that Hai.se 
had released - alve, as planned, in Aijuarins. But 
Haise, now . ^ in the Connnand Module, and scan- 
ning the instruments, saw that one of the main elec- 
trical systems ()f Apollo 13 was deleriorating. At about 
10:07 ]vni., Monday, Swigert radioed the words that 
were to unite all mankind in a common concern: "Hc\\ 
we'\-e got a problem here." 

At a point about 205,(HM) miles froni Earth an 
explosion within the Service Moihde started to drain 
all cdectrical power from the Connnand Module. 
(Ky^rn from a fuel cell t.mk. which was also part of 
the life support s\'slem, was \enting into space. 

An hour-and-adialf after the e.vplosion, and with 
only 15 minutes of electrical power left and the oxygen 
suppK' at a dangerous level. Haisi* and Lovell arc 
ordered to actiwite the systems of the Aquarius which 
will si r\e .Is thi'ir spaei' "lifehoat". '['lie first major 
problem was to UKiint.iin the integrity of the inertial 
Uuidauee platlorm and tr.uisfi r this aligmnent from 
C)dysse\- to Atpiarins. Had the miidaiice platfonn 
been lost their exact position in space would not be 
known and comse et)rrections for (he return trip home 
imj)ossible. Swigert used batter\- power to maintain 
the alignment in Odyssey alive mitil the aligiiment 
transfer could be made to Atpiarius. It had to be 
di)ne fast and it was. 

There w.is enonuh wafer, power, o.xygen and rocket 
thrust av.iil.ible in the lamar Nh)dule to bring the 
cri'w home salely, but the LM had to function per- 
h'c(l\. T'le 1 .M WMs desii^ni'd to (ake two astronauts 
(o (he sful.tii- ol (he moon and rediru (hem to a ren- 
de/\()us with till' (!onim.uuI Nh)du]e. It now had to 
I'etuiii three .islronauls close eiiouuh, and accuratcK" 
enoimh, to l^.irth so that they could again enter tlie 
crippled ('iininiand Module for the fier\- reen(r\- 
throuudi the atmosphere. The i .M's descent engine 
had to .iiinniplish the eonrst- correction, as the craft 
swings .ir<)innl the Mo<)n. oi- diey would enter dee}-> 
space and be hey.)ud .luy liojie ol sur\ i\\d. l'*ortunateIy 
the us(' o} (he I A! descent engine had Ix'en practiced 
in space b\- the crew of .\j-)ollo 0 and b\- the jiresent 
erew in simul.it ions .it the Kennedy Sjxue C 'enter. 
At 12 a.m., Tuesda\-. .April 11, the critical bmn was 
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accomplished and the crew of Apollo 13 was on tlicir 
way home. Tlic prayers of the whole world rode with 
them and offers of assistance and best wishes came 
from friendly and hostile nations alike. Tuesday, 
April 14, the U. S. Senate adopted a resolutioj; which 
urged all hnsinesses and co/nmnnications media to 
pause at 9 p.m., their local time, to "permit' persoijs 
to join in prayer for the safety of the astronauts." 

The only successful lunar expcriinent of the llight 
took place at vS:()9 p.m., Apiil 14, as the 154ou spent 
third stage* of the Saturn \' rockc^ struck the Moon 
with a force vqwal to tons of TNT. It hit 85 
miles west northwest of the site where the Apollo 12 
astronauts liad set up tlieir seismometer. Scientists on 
Earth said, "the Moon rang like a bell." 

TIk* Odyssey splashed dow/i in a routine landing 
at 1:08 p.tn.,^ April 17, 1970. wit!\iu four miles of the 
L'.S.S. Iwo Jima. 142 hours 54 minutes 41 .seconds 
after laimch. 

Thus, the ill-fated .\pollo 13 came home and tlu* 
words of the President of the Uiutetl States sum- 
marized tile feelings of many when he said, 'The 
three astnmants did not reach the Moon, but tliey 
reached the hearts of milli(ms of people in .America 
and in the world." 



Apollo I I 

The crew of Apollo 14, Alan H. Shepard, Jr., John 
L. Swigert, Jr., and Fred W. Hai.se, Jr, had been 
chosen in .\ug(ist, 1969 just after the first successful 
manned Moon landing by .\pollo 11 in July, 1969. 
The launch of Apollo 14 was tentatively schedtd^ tl 
for October 1970. Its destination was to be tlu.' 
Moon's lattrow region. 

The {)utconie of the .Vpollo 13 mission had a pro- 
found effect on the plans for Apollo 14. .\ board of 
in(iuiry into Apollo 13's onboard explosion called for 
several alterations in Apollr) spacecraft whiih 

necessitated several postponements in the launch of 
Apollo 14. 

T() lessen the chance that an cXiJosion such as 
.\ polio I3*s could haj^pen again, the trfl(m insulation 
covering the wiring in the ser\'ice motlide's oxygen 
tanks was replaeed with less flammable stainless steel 
sheaths. Experience with the behavior of fluids nnder 
/ero«(« conditions dininu earlier Apollo flii!;hts showt^d 
that fans to stir tlie oxygen in the tanks were not 
needed so they were removed. To insure the crafts 
ability to return the astronauts safely to Earth should 
a similar mishap take place, an extra oxygen tank 
was installed, plus an extra 135 pound silver-zinc 
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einergency battery. .\lso added were flv'(» one-gallon 
bags to hold lui extra supply of dririkiiig water. These 
extra facilities would be enough to see the astronauts 
through a thr(*e-day return trip to Karth if their 
prime supplies should again be destroyed near the 
Mtxm. 

\\\ estimated half millio/i persons were in or near 
the John F. Kemiedy Space Center to watch the 
launch of .\pollo 14. .\s the ct)untdown readied its 
final minute.s, the sky which had been slightly clouded 
sutldenly became overcast and rain began to fall. 
Launch officials, obeying rules laid down after Apollo 
12 was struck h\' lightning, called a hold in the 
coimttlown until weather conditions were more favor- 
able*. It was the fust launch delay in the Apollo 
progra/n. The couuttlowti clock stopped at eight 
nn'nutcs and two seconds and st.iyed at that point 
for 40 minutes before the couJitdown resn/ned. Tlic 
sky was still overcast but weather experts circling the* 
launch site in airplanes said the danger of lightning 
had i^assed. 

Just seconds he! ore liftoff at 4:3(1 p.m. Kastevu 
Stand. ird Time, January 31, !97l. a second gust of 
rain carrying \vhn\ swept the la..nch site. Thirty-six 
seconds after .Apollo 14 left its lamich pad, it disap- 
peared into the clouds. 

As is standard proc(»durc, the moment the space- 
era ft' and rocket cleared the launch tower, responsibil- 
ity for mojiitoritig the flight and c{)nlact with the 
erew pas.setl from Kenric<ly Space Center to .Missi(»n 
Control at the Mannetl Spacecraft Center in Houston. 
'I'cxas. 

By coiucidenee, die lamich of .\pollo 14 fell on the 
I3tli Anniversary of tlie launching of America's first 
Kai'tli satellite. It was on January 31, I95S diat the 
30. S ponud Kvplorer I satelh'te was put into orbit by a 
Jupit(»r-C rocket. 

In contrast, .Apollo 14 wcjit into Earth orbit weigh- 
ing about 3()(),()()0 pounds, thus becoming the heaviest 
man-made objeet in Eartli orbit- nearly 10,000 times 
as m\ich as Explorer !. 

.Apollo 14 Counuander Shepard was also the first 
.American to ily through space. That first flight' of the 
Mercury project on Ma\- 5, 1 9f) I— nearly ten years 
before .Apollo 14— lasted only 15 minutes and 22 sec- 
onds. Th(» ilight was suborbital because Shepard'.s 
craft, V'^eedon^ 7, was not bo()sted into Earth orbit. 
The flight was an arc- like path tliat reached an altitude 
of 11G.5 miles beffuc beginniug its descent and re- 
en! ry. Sliepard s tty) speed v\ as 5,180 nn'les an hour and 
he was weightless for only five nnnut(\s. 

Counuander Shepaid, Lunar Module Pilot Nfitchell 
and Command Module* Pilot Hoosa w(*re on their way 



to the Moon to conthict the int)st scit'nl'ifically oriented 
mission thus fur. The coininand module had l)een 
named Killy Hawk and the lunar niodide was nanu'd 
Antares after the star on wliieh tin* laiuhni; craft 
oriented itself as it' lieaded tlown to tlie Fra Mauro 
re<4on of the Moon. 

Tlie first of several pn)l)len)s l)ei^an wlien Hoosa 
tU'taehed the eonnnand module, turned it 180 degrees 
and tried to doek with the lunar module. This 
maneuver had been pi-rlorjucd nim* tinus helore in 
spaec with no prohleins. Hut the erew of .\pollo M 
had their first prohlern. Hoosa nuule five attempts 
to (h)ek witluMit sueeess. On the sixth attemi)t the 
(h)eking latehes sprang into place solving the prob- 
lem hw the mojucnt. hut I(*a\ inu the rest of die 
mission in doubt. 

Docking would have to be done once more at the 
critical time wlien Sliepard and Mitchell would re- 
turn tnmi the Moon and connect with Hoosa in tlie 
eonnnand module. Should the dc^cking niecluinism 
fail at tbi.s time. Sl)epard ajxl Mitchell would have to 
"space walk" to enter Kitty Hawk. .Mthough astro- 
nauts h.ive "walked" through space, sucli a transfer 
iias nevi r bi ru made in Moon orbit. 

The sec(md problem arose when Shepartl and 
Mitchell powered up Antares in a final check before 
the Moon landing. .\ battery in the asceiit stage was 
reading three-tenths of a volt below normal. The 
battery was one of two and although one battery 
would be sufficient. Mission Control would not pennit 
a .Moon landing witijout the back up battery also 
functioning properly. 'I*en hours later another check 
showed fhat the battery had (leteri(;rate(l no fnrtber 
and wouI(t be able to provide the required power. 

The third problem arose just after Shepartl antl 
Mitchell sep.u'ated from the commantl module, in 
preparation for the Nh)()n kmding. Antares* guitlance 
computer was receiving a warning signal from the 
craft's abort mechanisui. The coniputer would react 
to this signal upon the firing of the descent engine 
and would boost the si)acecrafl back into Moon orbit 
to reunite with Kitty Hawk. The defect was traced 
to a faulty switch and corrected. 

The fourth problem was encounteretl as Antares 
swooped closer and closer to the Moon. The on-i)oard 
landing radar, which controls the tlescent rate by 
continuously measuring tbe decreasing altitude, failed 
to lock on the lunar surface. Mitchell kept flicking 
the circuit breaker on and off when finally, at 22,713 
feet, the radar came to hfe. 

Incidents such as these serve to illustrate the ad- 
vantage of manned spacecraft'. Men can monitor 
and supersede machine decisions. 



Antares niiule its stucessful Nh)on landing on Febru- 
iiry 5, at 4:17 a.m. after 114 hours, 17 mitmtes into the 
mission. 

The astronauts were further plagued with several 
minor problems. As Shepard and Mitchell were 
ready to leiive Antares for the first time, Shepard 
noticed that the radio iti his backpack was not operat- 
ing prop(*r]y. The problem was traced to a circuit 
breaker which had been left in the wrong position. 

On the snrfiiee of the Moon, the S-band antenna 
failed to stand properly. Moon dust was an annoyance 
.rs il clung to clothing and e(pu*pmcnt antl apparently 
cloggetl a fastener of the Supra thermal Ion Detector, 
and die Cold Cathoile Ionization Gauge kept falling 
over as Nb'tchcll tried to steady it on the uneven 
lunar surface. 

L'nthumtetl by these events, the astronauts were 
able to complete all of their assigned ' tasks before 
they crawled back into .Antares. 

In two separate Moon walks, Shepard and Mitchell 
s])eut a total of nine hours, 25 minutes setting up 
scientific experiments antl exploring tbe Moon. A 
pull-cart knt)wn as the niothdari/eil etpiipment trans- 
porter (MET) containing tools, cameras and scientific 
instruments pro veil to be of great benefit to the 
astronauts'. 

A complete accounting of the many scietitific ex- 
periment's performed by the crew of ,'\ polio 14 may 
be found in Science at Fra Mauro, 1971. 

.\t 1:49 p.m., on February 6. 1971, .\ntares' rockets 
tiepartcd from tiie Moon to join with Hoosa in Kitty 
Hawk. 

.Apollo 15 

Apollo 15 was launched from Cape Kennedy at 
9:34 a.m. EDT. July 26, 1971. The al! air force crew 
was made up of Col. David H. Scott, Commander; 
Major Alfred M. Worden, Commantl Module Pilot; 
and Lt. Col. James B. Irwin, Lunar Module Pilot. 

Thi.s mission took Scott and Irwin to the Had ley 
Hille area of the Moon named for John Hadley (1682- 
1744) the Briti.sh scientist-mathematician who im- 
proved re/lector telescope de.sii^n uik\ invented the 
reflecting quatlrant which was the forcnmner of the 
mariner's sextant'. 

The command ship Entleavour was named after the 
scientific rocket ship comrnimdod by Captain James 
Cook, English explorer. In the Endeavour Captain 
Cook explored the Pacific antl also discovered Aus- 
tralia. The lunar landing craft was named Falcon for 
the U. S. Air Force mascot. 

The lunar landing craft touched down at 6:15 p.m. 
EDT on July 30, 1971 and Commander Scott radioed 
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Mission Control "Falcon is on the plain at Hadlcy". 
Falcon was located on the lunar phiin called Palus 
Putredinis (Marsh of Decay) at 20'' 5' North Latitude 
and 3" 39' East Longitude, on the half of the Moon 
facing Earth. 

The landing site was chosen so the Apollo 15 mis- 
sion could study three different types of lunar topog- 
raphy— a more basin (plain), lunar rille (gorge), and 
a mountain front. Nearby the lunar AiK'nnine Moun- 
tains towered 15.0(K) feet above the plain and the 
mile-wide Hadley Rille, 6(X) to 12(X) feet in depth. 

The purpose of the expedition was to gatlier in- 
formation wliich would tell us not only more about 
the Moon hut also more about the Earth, the Sun, 
and the solar system. I3ecause the Nfoon cooled earlier 
than the Eartli and has not been eroded by wind and 
water, it contains on and near its surface a record 
of the past that has been obliterated on Earth. 

Scott and Irwin were able to cover the necessary 
distiUUc by the iise of the Luuar Roving Vehicle 
(LRV). During three separate motor trips they ex- 
plored the rim of Hadley Rille, the edges of deep 
craters, and the slopes of the Apennine Mountains. At 
a number of scientific stops the astronauts turned on 
the LRV color television camera so viewers throughout 
the world could observe such spectacular scenes as 
the canyon depths of Hadley> the crater-scarred plain 
of the Marsh of Decay, and the rotmded peaks of the 
towering Apennines. 

On their second Itmar trip the astronauts discovered 
a unique crystalline stone perched on a rock that 
was lying on an .Apciun'ue slope. Thc\' noticed a 
crystalline structure cliaracteristic of plagioclase, a 
mineral that is a primary component of tlie rock 
anorthosite. Anorthosite is believed by many scientists 
to be the main component of the primordial lunar 
crust, thought to have been formed some 4/2 billion 
years ago. 

This possible discovery of anorthosite also is im- 
portant in that it. or some other material of comparable 
density^ is needed to explain apparent discrepancies 
between calculations of the total man of the Moon 
and the densities of rocks collected by previous Apollo 
missions. All of the latter samples collected were 
denser than the Moon's average density. (A more 
familiar cxtimple c^f a plagioclase rock is the uem with 
the name of Moonstone. ) 

Another Important find is the lunar bedrock dis- 
covered in the rim of Hadley Rille. This is the rock 
tbat is believed to underlie the huiar seas which were 
formed by lava flows. Analysis of such rocks can 
give the time when the flows originated, some 3)2 to 
4 billion years ago at the Apollo 11 and 12 sites. The 




formation of the original crust and of the seas are two 
of the major events in selenological (lunar geological) 
history* Altogetber, Scott and Irwin gathered about 
170 pouuds of lunar rock samples, many of which are 
utilike any brought back by previous missions. 

Perhaps of equal importance are die abundant 
photographs taken ou the Moon by Scott and Irwin 
a!ul from orbit by Wordeu, pilot' of the command 
module Endeavour. 

Some observations which, with furtlier data and 
stud)', ma\' result in new conclusions about the .Moon 
are: 

1. The absence of the anticipated boulder fields 
below die Apennines. 

2. The gently rolling, uniformly smooth (but crater- 
scarred) surface of tlie Maish of Decay. 

3. The well-defined layers, strata, and fracture lines 
marking the walls of die Rille and the Apennine 
mountainsides. 

4. The rounded contours of the Apennines and 
surrounding areas. 

5. The large number of completely clean, rather 
than dusty, or partially buried, rock fragments. 

6. The different directions of rock layers in the 
walls of Hadley Rille and on the Apennine 
M()(m^a^^l slopes. Ha(lle\'*s were horizoutal; the 
Apenninc's, diagcmal. This information suggests 
(hcv were formed at different times. 

The Apennines are Ijelieved to be composed of 
material which was thrust np from below the surface 
by tremendous internal pressures built up when an 
object the si'/e of Rhode Island impacted on the 
Moon and created the Sea of Rains. Hadley Rille is 
believed to have originated as the result of lava flows 
or by fracturini*;. The la\'ering observed by both the 
Rille and nioiui tains confirms that the Moons surface 
was built u]) in sta.i^cs by n)an\' lava flows or ejc^ct'or 
blankets (showers of rocks thrown up by impacts). 
Kach la\'er eo\ ers a different time period in die history 
of the Moon and can give details on its formation and 
evolution. 

The astronauts drove core tubes into the lunar 
plain as deep as 7 feet 9 inches. Preliminary analysis 
indicates 44 layers in tbe core tube, indicating at 
least 44 separate volcanic or impact events at this 
site. One of tlu* things scientists are studying in the 
core samples are trapped solar particles. Such a 
study could provide d(*tails on the history of the Sun 
during the past billion or more years and increase 
our knowledge ef how it influences Earth's climate. 

Scott and Irwin also placed heat sensors down two 
of die holes they bored. Tlie purpose is to determine 
the interjial temperature of the Moon, a fundamental 



mrnsnrcnuMit iicrclcd to iiiulcrsland tht» history and 
evolution of a platictarv l)o(ly. 

While Scott and Irwin were on (he Moon's surface 
Worden was collecting a wealth ol' photographs and 
other scientific data from orbit. 

An X-ray detector aboard Endeavour picked up 
secondary X-rays which residt when solar X-rays strike 
materials on th*' Moon, 'I'he device in(h*eated tlie 
distrihiitioii of minerals and lonnd h\\s}\ concentration 
of alnrninmn and sparse amoimN nl jnaj^iiesiuin in the 
highlands and the opposite in the plains. The stndy 
of how minerals arc distri})wted on the Moon may 
i*;ive new clues to their distribution on Earth, helping 
mankind ta inventory its limited mineral resonrccs. 

.\ magnetometer on the connnand ship also detected 
a very weak lunar magnetic field. A garmna ra\' 
spei(ronu'(cr defi-ctrd radioactive hotsfiots on (he 
Moon which indicate concentration of elements sMich 
.IS potassium, thorium, and uram'nm. The heat from 
such deposits coidd have caused rocks to melt pro- 
(hicing local volcanic eruptions in the past 

Worden described small dark conical mounds which 
he recognized as cinder cones (dead volcanic craters) 
on the Nfoons Littrow area which is on thv south- 
eastern border of the Sea of Serenity. Carefully 
rechecking the area on snbse(|nent orbit's, Worden 
found no evidence of current activity of any kind. 
'I'he cones irdicatc to *iome scientists that volcanic 
activity had lasted up to ill billion years ago. This 
coidd mean that the Moon was hot* at least until then. 

Other scientists regard tiie cinder cones as indica- 
t{)rs that carbon dioxide and water may have been 
briefly j)n*sent {)n tlie Moon. On Earth large amounts 
of these two compounds are needed to bring the vol- 
canic cinders to the sm face and spread them around. 

\*olcanic activity on the Mo()n could originate from 
two possible main sources: 1) a former molten core, 
aUhough many scientists say the Nfoons core was 
never molten; 2) gravitational compression of mate- 
rial on which more scientists agree). Rocks can also 
\n* mehed and volcanic flows created by radioactive 
beating .md by impact of another body. The pull of 
the fclarth's gravity could also crack thin crustal areas, 
releasing gases. Current moontpiakes are thought to 
be due to Earths gravity pnll on the Moon. 

The mass speclnnneltM- aboard Endeavour identified 
pockets of nvon, argon, and carbon dioxide in the 
hmar envinmmcnt. If tliese arc hmar emissions, they 
would itidicate the presence of a tenuous and transi- 
tory hmar atmosphere. 

Scott and Irwin completed th(Mr work on tlie Moon's 
surface and at 1:11 p.m. E.D.T., August 2, they 
launched Falcon from the Moon. This was the first 



latmeh from the Moon that all mankind could see. 
The T\' camera on the lamar Roving Vehicle^ which 
was left behind, telecast the lift-off of Ealcon. 

Left* l>(»hind on the Moon was the Apollo Lunar 
Surfac(» Ex])eriment Package which contained instru- 
ments which will retin*n to Earth data on moon(inakes, 
nu'teorite injpacts, the hmar :nagnctic field, the solar 
wind, the nearby nonexistent wisps of lunar atmo- 
sphere, and heat" escap'ng from beneath the surface 
of the \h)on. 

.After Scott and Irwin docked and transferred to 
ICndeavonr, h\ilcon was cast adrift and impacted on 
the Moon. The vibrations were picked up by the 
seismomelers at h.)th .\pollo 12 and 14 sites which are 
nearly TOO miles away. On Earth a comparable im- 
pact would be sensed no fartlier than 1(H) miles away. 
.\na)y.sis of I he data from the earlier impact of the 
Saturn nj)per stage indicated a lunar crust of at least 
20 juiles thick. Earth's crust varies from 3 to 30 miles 
with the thinnest part being under the sea. 

While still In lunar orbit the crew of Endeavour 
lannehcd a 7S'L»-ponnd scientific snbsatcllite. It is 
prc^viding new details on lunar gravity, particularly 
l]tc high gnnitatiojial arca.s called mascons; the 
\hH>n*s space cnvironnv*nt, including the effect of 
soLn* flares, and on the Earth's magnetic field through 
which the Moon regularly passes and also infonna- 
tioti on the weak localized hmar magnetic fields. 

On August 5, about lfj7,0(K) miles from the Earth, 
Worden perfornu*d the first deep space walk. The 
walk was necessary to pick up fihn cassettes from the 
Scic itific Instrument Modidc (SIM) bay and bring 
them iuU) the cabin. Otherwise the film would have 
Ixvn lost as tlu* service* mochdc, in which the SIM 
bay i:; located, was discarded as Endeavour neared 
Eardi. Oidy the II-Moot-long connnand modtde of 
the 363-foot-!()ng Apollo/Satnrn V space vehicle, that 
takes off from Cape Kennedy, returned to Earth. 

The crew of Endeavour was in for a rougher than 
normal landing as only (wo of the three parachutes 
w{«re open at splashdown at 4:46 p.m. EDT, August 
7. Enth'avonr subnterged briefly and then bobbed up 
in an upright p()sition. Although the increase in land- 
ing speed from 19 m.p.h. to 22 m.p.h. did not signifi- 
cantly affect the crew, it pointed out again that no 
mission yet has been withoiit its hazards regardless of 
the care and precunlious tliat are taken in the assembly 
of the nearly niiu* million parts that make up the 
Apollo/Satnrn V space vehicle. 

The Apollo 16 mission began with lift-off at 9:34 
.i.m. EDT, July 26, and lasted for 295 hours and 12 
miiujtes or it ended at splashdown at' 4:46 p.m. EDT, 
August 7, 1971. 
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THE NEXT DECADE IN SPACE 

Till* uumiK'tl spatT lli^lU pro^nrains liave boon pri- 
marily coufcnit'd with Ifaniin.H how to operate* et- 
frilivdy ami safely in tlu- spaei' eiivironmi'iit while 
aeeomplishin<4 missions of iiiereaseil eomplexity aiul 
importanee. The astronauts have been spaee test 
pilots mulertakinii experinii'ntal llit;hls. The ehief oh- 
jeetivr of the Merenry. (lemini and Apollo projj;ranis 
lias been to bnilil a nianiuil spaer llii;ht eapability. 
The sneeess of these pro.i;rains attests to v^rowth ol 
that eapability. 

With maimed spaee lliyht eapability developed, 
more atl**ntioM lan l)e j)aid io seientifie objeelives 
that ear» be aehii-Nt'd through tlie emplovinenl of men 
at tlu- seeiie of tlu' at h\ ity. The eapabilities deveb 
opi'd in the Aptillo l^rot^ram ean bi^ nsed by scientific 
eally trainrd asfr(»nan{s in j)ro^rams orienti»d more 
toward siientilii- i\pi'rinu'n(ation. 

Snih a pro<4r;jm is the Skylah Tronram in which 
the lliird Nta<j;e (S-I\'ii staLU' ) of the Satnrn lannch 
vrhicli* will be fitted ont as an orbital workshop to 
be the loreiinuuT of tlu' Spaee Station. This ICarlh 
orbiting lalxuMtory will i)e oitnpietl by thi'ee astro- 
nanls for as loni^ as two niondis. The etpiipnient will 
be nsed to tonchu t iciiMitific e\p< rinients. make solar 
ob^ervatious and ilrtermine the clfeets of lon^ space 
missions on the health of the crew. Skylab is the first 
step in manned (/tili/ation of spaee. 

To rtMli/e the fnll p(»tential of space stations op- 
rratinii iosts mnst be reilnced and workers ,vith vari- 
ons skills and normal physical condition nnist ])e ac- 
e;)mmotlated. In a mar Marth orI)it station a new. 
low cost, snrlaie to orbit and return trai^sportation 
vi'hicle is m-cded. These \'ehie!es will be the bniidint; 
bliJtks in the s\slenj tu be ejnplo\cd in future sp.ice 
at'tixitiivs al' eontinniuL^ tlje exploration of the Moon 
and the [ilanets. The Spaee Station motlnle desjun 
may I)e used as ]i\ int: ({uarters in \arinns Kardi orbits, 
in lunar (ahit or on a planetar\ nnssion. Tljc \'er\' 
loni^ h'felime ol thi- Space Station i)ei'mits major re- 
ductions in utilization costs. 

Areas of Kxploralion 

The Sjxice Station will be a s( ii'utifie laboratory and 
a site h)r aj)j)l\iie4 the uew environment of space to 
the divei t lu-ni'fit of man. Of the number of p)'omisin<4 
areas of exploration tnree broad areas seem most 
pron)isiiig; Kartli Ap])lieations, Nhiteriais l^roeessini; 
and Seienee, 

IvAHTII AriMdCATIONS^-Direet eeontmiie re- 
tnrn.s ean l)e lore.seen tljron^Ji tlie use of Enrth orbit- 
inu spaee platforms. Only frmu sueh a spaee station 
ean l)road areas of the lilai'th be observed sinndt<me- 



onsly to detennine trends in lar^e-scale phcnotucna 
such as chan,nes in snow pack, crop com^'tioii, air 
and water pollution and relationships between the sea 
and tiie atmospiiere. Instruments can detect eiuiii.Hes 
as they occur and will observe areas whuri* surface 
observations are infretpient, sueh as the broad ocean 
areas, the .Arctic and Antarctic. 

'IIIL: HOKK of MAN--Man should be sent into 
sjxiee and maintained there t)ul\' to perform tasks 
which retjuire lunnan judii;ment. Initially he would 
tleveloj> the systems and teelmitiues best suited to the 
tasks in\i)l\ed and what useful phenomena can best 
be observed frojn spaee. VMien the t"eehni(pies be- 
c-onie established ri)nline automated equipment can 
be introduced and hnmans fieed to maijitain, redirect 
and snpei\ise the machines. 1'he con)n)nnieatjon.s 
function can also hi* retlue(Hl by ha\'ing man analyze 
atid interpret (he raw data to select' that which will 
be sent to Earth, Here man's role W(^nld })(• to rcvoi^- 
ni/e the formation of patterns—a task \'ery dilflcult to 
proi^ram into a computer, 

'ihe Karth Applicatiojis aspect would in\oive (he 
foliowinti areas: 

Ml^:TKOH()L()(;V^-This is oJie of the areas where 
s[)aee ai)[)lication lias alreads been of benefit to the 
world. Ivpiipment operated by men on the space 
station woultl supplement the observations of the 
automated satellites. Maintenance and repair of these 
eomplex satellites would be possible and would result 
in si'^niliiantly extending their useful lifetimes. 

MIXKHAl. ITiOSPKCn iNXI-Another area of threat 
potential return is pros[)eeting foi" mineral resources, 
Sinmltane()ns phot'o^rai^h)' with films ,sensitive to nuli- 
ations in dillerenl parts of the speetrmn ^ive pronnse 
ol re\(*alinti nmch new information, 

CWOV CONDITION'S- Infrared sensitive color film 
would allow crop condition identification on a world- 
wit h' basis. Air piiotos can detect certain crop dis- 
eases !)ch)re they are tliseernible on the ground, 

I [VDiU)L()OV— Microwave imagery can record the 
ilistribulion of water both on the Earth's surface and 
in the ground near the suifac-e of the Earth. This 
hytlr{>logieal mapping ean be accomplished even 
through a thick cloud cover, .\reas of subterranean 
seepage can be delected which is not discernible in 
visible light either from high altitude or from the 
surface. 

The .Materials Processing aspect wr)nld invoK'C the 
h)l!owing processes: 

MKT.AE FOAM— The weightless environment in an 
()v})itijiif space slat ion would permit tht' production of 
a foanied sicr] with ll)e weight of balsa wootl but 
with many of llie properties of solid steel, 'J'bis 
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process cannot he done on eiiitli I)ccaiisc the weight 
of the Vn[\\n\ metal causes the gas foam huhbles to 
lloat to tho surface of the metal before cooHng can 
take place. In space the gases wonld remain en- 
trapped, pro(hieing a porons spongelike material. Un- 
der zero C. it would also l)e possible to mix materials 
of vastly dilferent properties and densities, For ex- 
ample, steel and glass. I'liese con^posite and foamed 
maHTials should residt in lighter ant! stronger niate- 
rials for basic study, industrial applications and the 
construction of future spacecraft. 

CRYSTAI. GROWTH-- The size of Earth grown 
crystals is limited by gravity and the introduction of 
contaminants, lu a very clean /.ero gravity space en- 
vn-oimient there are no such limits to growth and crys- 
tals of a ver\- large size can be grown. These space 
growji crystals ((Mdd be used as \'er\' large power 
transistors or ()[)tiL'al blanks for k*nst\s of near perfect 
(juality, It would also be possible to produce very 
large disloeatiou free erystals. 

LEVITATION MEI/nXG-^The suspension of a 
material ( levitation ) is important because it oilers 
the possibility of melting and shaping materials with- 
out contamination from any type of mechanical re- 
straint or crucible. Metallic materials and structures 
may be shaped by the mauipul ition of surrounding 
electromagnetic fields. By such a method perfect 
spheres could be producetl for use as ball bearings. 
Alloys could be forjned with uniformity resulting 
froui maximum intermixing of the constituents and 
refinement of mentals to a high degree of purity shouhl 
also be possible. 

Another use of the space station is to conduct sci- 
evitifie investigations to extend man's kn{)wledgc of 
the universe. Probably the following areas would be 
iuvt\sti gated first: 

AS'I'KOXOMV Astrononn'cal observations from the 
Earth have always been limitetl by tbe atmosphere. 
Astronomers have long wanted to get their instru- 
ments into space where atmospheric turbulence, 
light-ray scattering, sky brightness, cloud cover and 
pollution wonld no longer be problems which limit 
the resolving power of their telescopes. 

PHYSIC'S The study of cosmic rays, which are 
ehiu'gcd particles such as protons and electrons that 
oriiiiiMte outside the solar system and travel at very 
hiiili speeds, may well hold the answers to some basic 
(pu'stlons about tbe uahire of matter. IMiysieists wonld 
like to place mac hinery in orbit which would detect 
insmie rays of nnicli hit^her energies and possibls- 
l)rove that "anti-matter" oienrs naturally in the m)i- 
verse. Other experiments wonld test those aspects of 



Einstein's Special and General Laws of Helat'ivity that 
cannot be tested on Earth. 

IdFE SGIENGES The space station offers Hfe 
scit'nt'ists the opportunity to study life processes un- 
der conditions that cannot be duplicated on Earth. 
These ccmditions iuehule a zero gravity environment 
of any (U\sired length and the lack of periodicities 
associated with the rotation and revolution of tlie 
Earth. Perhaps other factors wliich are not yet recog- 
nized as affecting lib* will also be discovered as they 
are removed. 

The Future 

The history of our scientific and technological 
progress indicates that' many uses will be made of 
space which are not yet envisioned. With this in 
mintl it is important to try anti build today what 
will be able to continue to serve in the future. Even- 
tually we should have in space a national research 
facilit\' called Space liase. The Space Station would 
serve as a part of this facility, to be retained and used 
as the Space l^ase grows. Space Stations will grow by 
the adtlition of Space Station m(\lnles, experiment 
mod ides, utility mouules and storage units for liquid 
fu(*ls, oxidizers and arry other consumable supplies. 

The Space Htise will provide both artificial gravity 
areas, usetl in those* operations which are enhanced by 
the presence of gravity, and zc^ro gravity areas in 
which to conduct experiments where* this condition is 
desirable. It would ser\'e as a supply depot, launch site 
and mission control facility for deep space spacecraft. 
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